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Abstract of thesis entitled: 
A Cost-effectiveness Analysis of an Acute Pain Service 
Submitted by LAU Suk-chu 
for the degree of Master of Philosophy in Medicine 
at The Chinese University of Hong Kong in June of 2008 
Background: In anaesthesia, managing acute pain in the postoperative period is an 
important component of perioperative care. An Acute Pain Service (APS) is a 
dedicated service for managing acute pain in patients who have undergone surgery. 
The APS is run by a professional team of anaesthesiologists with or without nurses. 
Although most public hospitals in Hong Kong have an APS, only 20% of patients 
undergoing a major operation receive this care. Given that there are increasing 
healthcare interventions competing for limited resources, cost-effectiveness analysis 
can be used to determine if an intervention is worthwhile to support. As no 
cost-effectiveness analysis of an APS intervention in Hong Kong has been carried 
out, this represents a gap in knowledge in public health policy. 
Objective: To examine whether APS is cost-effective compared to conventional ward 
postoperative pain service (CWPS) from a hospital's perspective. 
Methods: I participated in the conduct of a systematic review of the literature on the 
economic evaluation of APS programs and performed a cost-effectiveness analysis 
alongside a randomized controlled trial (RCT) of APS care in 260 patients 
undergoing major elective surgery. The main outcomes of the trial were comparison 
of cost and measures of effectiveness between APS and CWPS. Cost was defined as 
the combined value of total hospital cost (cost of care in ward and intensive care unit) 
and total pain cost (costs of pain medication and side-effects medication and APS 
staffing). The primary measure of effectiveness was the level of pain after surgery 
using verbal rating scales. Other measures of effectiveness included patient 
satisfaction, side-effects of analgesia and quality of recovery (QoR) using validated 
and reliable questionnaires. 
i 
Results: The results of the systematic review showed that there was insufficient 
evidence to draw conclusions about the cost-effectiveness and cost-benefit of Acute 
Pain Services (APSs). The overall quality of published economic evaluations of 
APSs was poor. There was no high quality economic study to support the 
cost-effectiveness and cost-benefits of APSs. Data from the RCT showed that the 
overall cost of APS care was similar to CWPS (mean difference per patient = 
HK$7,490, 95% confidence interval: HK$-4,019 to HK$ 18,999, ;?=0.22). The APS 
was more effective than CWPS in the area of perceived pain-relief effectiveness 
0=0.01). Compared to CWPS patients (89%), more APS patients (98%) thought that 
their pain medication and other treatment in relieving postoperative pain were helpful 
(p=0.01). The two pain services were similar in their impact on the levels of pain 
severity at rest (p=0.45) or on movement (p=0.17), pain interference on daily 
activities on postoperative days two and three (/7=0.87 and p=0.86 respectively), side 
effects of pain medications (p=0.97) and health-related QoR (p=0.25). Of note, 
compared to CWPS patients, there was less interference of pain on daily activities on 
the first day after surgery in patients receiving APS care (mean verbal numerical 
scale out of 10 = 3.4 versus 2.6 respectively,p=0.02). 
Conclusion: There is some evidence that APS is cost-effective. APS is a worthwhile 
intervention to support from a hospital's perspective in patients for whom APS care 
is currently optional for postoperative pain management. 
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Given that there are numerous healthcare interventions competing for scarce 
resources, cost-effectiveness analysis has become an important tool for healthcare 
policy makers to allocate resources. Cost-effectiveness analysis is employed to solve 
a research problem that compares the costs and health effects of an intervention to 
assess whether it is worth doing from a specified economic perspective. 
Unfortunately, many healthcare interventions given to patients may not be 
cost-effective because they have not undergone rigorous evaluation. 
Managing acute pain in the postoperative period is an important component of 
perioperative care. In many hospitals, the Acute Pain Service (APS) is a dedicated 
service for managing acute pain in patients who have undergone surgery. APS is run 
by a professional team of anaesthesiologists with or without nurses. The service may 
include supervising, monitoring and administering pain relief and managing 
complications, educating staff about postoperative pain management, undertaking 
audits and clinical research of efficacy and outcomes of pain treatment (Werner et al. 
2002). The development and role of APS is described more detailed in chapter 2. 
In Hong Kong, the Hospital Authority provided special funding in 1996 to 
develop APS teams in some hospitals (Hung et al. 2002). Although, the majority of 
public hospitals in Hong Kong have established APS, only 20% of patients 
undergoing a major operation receive this care (Hung et al. 2002). However, no 
cost-effectiveness analysis of an APS intervention in Hong Kong has been carried out. 
This represents a gap in knowledge in public health policy. 
My hypothesis is that APS is more cost-effective than standard postoperative 
ward management of pain. The main objective of this thesis is to examine whether 
APS was cost-effective compared to standard postoperative ward management of 
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pain. 
To achieve the objective, a systematic literature review on the economic 
evaluation of APS programs was done (Chapter 3). The results show that there was 
insufficient evidence to draw conclusions about the cost-effectiveness and 
cost-benefit of Acute Pain Services (APSs). The overall quality of published 
economic evaluations of APSs was poor because of deficiency in the study design 
and conduct of economic evaluations. No high quality economic study to support the 
cost-effectiveness and cost-benefits of APSs was found. 
Therefore, a cost-effectiveness analysis was performed alongside a randomized 
controlled trial (RCT) of APS care in patients undergoing major elective surgery. In 
this thesis, cost was defined as the combined value of total hospital cost (costs of 
preoperative and postoperative ward, and ICU) and total pain cost (costs of pain 
medication, side effect medication and APS staff). The primary effectiveness 
measure of APS was defined as the level of pain after surgery. Other measures of 
effectiveness included patient satisfaction, side-effects of analgesia and quality of 
recovery (QoR). The methodology, results and discussion are described in chapters 3, 




2.1 The Importance of Postoperative Pain Management 
Pain is an unpleasant sensory and emotional experience associated with actual 
or potential tissue damage (International Association for the Pain Study 2008). 
Postoperative pain is a major ongoing challenge for healthcare professionals in 
surgical wards. The significance of postoperative pain relief is well appreciated. I am 
going to discuss the significance for postoperative pain management in the coming 
sections. 
2.1.1 Humanitarian 
The Royal College of Surgeons and the College of Anaesthetists Working Party 
(RCSCA) (1990) states that, 'it is the basic duty of all health-care professionals to 
relieve pain and the most important indication for the treatment of pain after surgery 
is humanitarian' (RCSCA 1990). 
2.1.2 Under-management of Postoperative Pain Relief 
Improving postoperative pain management for early recovery is an ongoing 
challenge for healthcare professionals in surgical wards. Despite the advances in 
knowledge of pathophysiology, pharmacology of analgesics, and the development of 
technology, the International Association for the Pain Study 2008 and the Hong Kong 
College of Anaesthesiologists point out that many patients of today do not receive 
adequate control of postoperative pain (International Association for the Pain Study 
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2008; The Hong Kong College of Anaesthesiologists 2002). Two studies ( Papper, 
Brodie, & Rovenstine 1952; Apfelbaum et al. 2003) further highlight the extent of 
under-managing postoperative pain and show that the problem has been happening 
over half century. 
From a historical perspective，Papper et al. (1952) assessed pain levels 
according to the consumption of analgesics. They considered pain absent if analgesic 
drugs were not required postoperatively, moderate if a maximum of two doses of a 
potent analgesic drug morphine or meperidine was required within a 24-hour period, 
and as severe if more than two doses of a potent opioid were required in each 
24-hour period. The assumption of this assessment ignored those patients who were 
reluctant to take opioid analgesics for various reasons, including fears of addiction. 
Seventy to 77% of patients undergoing abdominal and thoracic surgery experienced 
moderate to severe pain, irrespective of whether they were in the treatment group 
(diethylaminoethanol) or in the control group (saline). The investigators at that time 
did not directly asked patients about their pain level. 
Apfelbaum et al (2003) published work on a national telephone survey (n=250) 
which also highlighted the problem of under-managing postoperative pain. In the 
survey, the patients were asked about the severity of their postoperative pain. It was 
found that approximately 80% of patients experienced acute pain after surgery. Of 
these patients, 86% had moderate，severe, or extreme pain. Moreover, experiencing 
postoperative pain was the most common concern of patients (59%). However, the 
main limitation of the study was recall bias and the small sample size. The survey 
interviewed randomly selected adult patients who had undergone any surgical 
procedures within a year or within a period between two to five years in the United 
States. 
The above shows that although optimal control of acute pain is essential for 
good patient care (The Hong Kong College of Anaesthesiologists 2002), the 
inadequacy of acute pain management is still a problem today. 
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2.1.3 Pain Relief- A Key Strategy for Better Surgical Outcomes 
It has been hypothesized that surgery involves a series of hormonal and 
metabolic changes which are commonly referred as stress response (Deborah 2004). 
This stress response increases secretion of pituitary hormones and activation of 
autonomic nervous system (Deborah 2004; Joshi & Ogunnaike 2005) that may cause 
postoperative dysfunction of various organs (Joshi & Ogunnaike 2005). 
Kehlet (1991) strongly advocated the concept of "stress-free anaesthesia and 
surgery" as an important strategy to improve surgical outcome based on a number of 
controlled clinical trials which demonstrated a reduction in postoperative morbidity 
by a nociceptive blockade (Kehlet 1991). Using this concept, Kehlet (1997) has 
developed several strategies to reduce or prevent the surgical stress response (Fig. 
2.1). 
Fig. 2.1 Interventions which may reduce the stress response to surgery (Kehlet 1997) 
^ i 谓 i i ^ High-dose opioid anesthesia 
乂.二 wi-n < Etomidate 
Neural block 
J^r ^ ^MimmaHy invasive surgery 
( W ^ Pain alleviation 
^——Substrate administration 
^ ^ ^ Anabolic/catabolic hormonal 
\ p manipulation 
J ' i U I M Heat loss prevention 
/ ^ _ _ Reduction of inflammatory 
T ^ i r Inflammatory 邮p。r^se (pharmacological) 
Trauma mediators 
One of the key strategies is pain relief. The possible dysfunctions of various 
organs induced by stress response from unrelieved pain are summarized in Table 2.1 
(Joshi & Ogunnaike 2005). 
So it is suggested that improving postoperative pain relief enhances better 
surgical outcomes and recovery. 
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Table 2.1 Consequences of unrelieved pain (Joshi & Ogunnaike 2005) 
Body system Physiologic responses 
Cardiovascular Increased heart rate, peripheral vascular resistance, arterial 
blood pressure, and myocardial contractility resulting in 
increased cardiac work, myocardial ischemia and infarction 
Pulmonary Respiratory and abdominal muscle spasm (splinting), 
diaphragmatic dysfunction, decreased vital capacity, 
impaired ventilation and ability to cough, atelectasis, 
hypoventilation, hypoxemia, hypercarbia, increased 
postoperative pulmonary infection 
Gastrointestinal Increased gastrointestinal secretions and smooth muscle 
sphincter tone, reduced intestinal motility, ileus, nausea, 
and vomiting 
Renal Oliguria, increased urinary sphincter tone, urinary retention 
Coagulation Increased platelet aggregation, venostasis, increased deep 
vein thrombosis, thromboembolism 
Immunologic Impaired immune function, increased infection, tumor 
spread or recurrence 
Muscular Muscle weakness, limitation of movement, muscle atrophy, 
fatigue 
Psychological Anxiety, fear, anger, depression, reduced patient 
satisfaction 
Overall Delayed recovery, increased need for hospitalization, 
recovery delayed return to normal daily living, increased health care 
resource utilization, increased health care costs 
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2.2 Postoperative Pain Relief and Clinical Outcomes 
Based on the hypothesis of "stress-free anaesthesia and surgery", the aim of 
postoperative pain relief is to provide subjective comfort and to decrease 
trauma-induced nociceptive impulses in order to blunt somatic reflex and automomic 
responses to pain (Kehlet 1994; Rosenberg & Kehlet 1999). This may consequently 
enhance restoration of body organ functions by allowing the patient to breathe, cough 
and move (Kehlet 1994; Rosenberg & Kehlet 1999). Thus effective postoperative 
pain relief can, in theory, improve outcomes, reduce hospital stay and shorten 
convalescence (Rosenberg & Kehlet 1999). 
The relationship was seen in a prospective study of 411 patients from four New 
York hospitals. That examined the effect of post-operative pain on the immediate 
postoperative outcomes (Morrison et al. 2003). Compared with patients with lower 
pain scores at rest, elderly patients undergoing hip replacements with higher pain 
scores at rest had longer hospital lengths of stay (p=0.03), were more likely to have 
physical therapy sessions missed or shortened (/? ==0.002), were less likely to be 
ambulating by post-operative day 3 (p<0.001), and had lower locomotion scores at 6 
months (p=0.02). 
Liu et al. (2004) performed two meta-analyses on patients undergoing coronary 
artery bypass surgery. One meta-analysis found an association between a reduction 
in postoperative pain level with improvements in faster time to tracheal extubation 
and decreased risks in pulmonary complications. However, the other meta-analysis 
did not find the relationship but found a higher incidence of pruritus with better pain 
relief. One of the meta-analyses included 1,178 patients from 15 randomized 
controlled trials (RCTs) found an association between a reduction in postoperative 
pain level with improvements in faster time to tracheal extubation, decreased risks in 
pulmonary complications and cardiac dysrhythmias. All patients from the trials were 
randomized to either general anaesthesia (GA) or general anaesthesia-thoracic 
epidural analgesia (TEA). The results revealed that the TEA patients had significant 
lower postoperative pain level at rest using a visual analogue score (VAS) (weighted 
mean difference: -7.8mm; 95% C./.= -15 to -0.6; p=0.03) and during activity 
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(weighted mean difference: -11.6mm; 95% C.I= -19.7 to -3.5; ；KO.Ol). These 
patients with lower postoperative pain level experienced significantly lower risk of 
pulmonary complications (odds ratio of 0.41; 95% C./=0.27 to 0.60; ；?<0.001) and 
shorter time to tracheal extubation (shorten by 4.5 hours; 95% C.I =2 hours to 7 
hours; ；7<0.01). There was no significant difference in mortality rate (0.7% TEA 
0.3% GA; odds ratio=1.56; 95% C/.=0.35 to 6.91; p=0.56). A second meta-analysis 
(Liu, Block, & Wu 2004) examined postoperative pain level and morbidity. The 
report included 668 patients from 17 RCTs who were randomized to either GA or 
'combined general anaesthesia-intrathecal analgesia' (IT). The IT patients had an 
insignificant reduction in pain scores when compared with GA patients. There was 
no difference in the incidences of mortality (0.3% IT vs. 0.6% GA), myocardial 
infarction (3.9% IT V5. 5.7% GA), dysrhythmias (24.8% V5. 29.1%), nausea/vomiting 
(31.3% 28.5%), or time to tracheal extubation (10.4 h IT v^ . 10.9 h GA). The IT 
patients had significantly higher incidence of pruritus (10% vs. 2.5%). However, the 
data were collected from various studies over almost 40 years (from year 1966 to 
2004) suggesting that secular bias may be present. 
Werner et al. (2002) did a narrative review which included 44 surveys and 4 
clinical trials involving 84,097 patients. The review aimed at reviewing the outcomes 
of a newly advocated postoperative pain management service, the Acute Pain Service 
(which will be further explained in Chapter 2.4). In the review, Werner et al. 
suggested that the service was associated with lower postoperative pain levels at rest 
and on movement. The overall reduction in the percentage of patients who 
experienced moderate to severe pain varied from 0% to 8%-27% at rest and from 
19%-64 during activity. However, no conclusion could be drawn if this improved 
pain relief was associated with better clinical outcomes, such as lower incidence of 
postoperative nausea, urinary retention, sedation side effects and higher patient 
satisfaction. 
2.3 Postoperative Pain Relief and QoR 
The QoR is an important measure of quality of anaesthesia care. Pain after 
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surgery is a good predictor of poor QoR. Leslie and colleagues (Leslie et al. 2003) 
collected data from 192 patients undergoing elective neurosurgery to identify the 
predictors of poor QoR using the QoR instrument (Myles et al. 2000b). Pain (in 
terms of a VAS) on day 3 was a significant univariate predictor of poor recovery on 
the third day after surgery (odds ratio=1.29; 95% C/=1.05 to 1.59; ；?=0.02) . The 
other predictors of poor recovery in patients after craniotomy were number of 
complications on the first to third day (odds ratio=2.47; 95% C.I=\31 to 4.48; 
pO.Ol) and duration of surgery (odds ratio=1.40; 95% C./=L11 to 1.78; pO.Ol). 
No other predictors of poor recovery on day 3 were found in patients undergoing 
spinal surgery. 
A recent prospective observational study of patients undergoing elective radical 
retropubic prostatectomy found that the severities of pain both at rest and on activity 
were correlated with a decrease in QoR (Wu et al. 2005). Incorporating all data from 
postoperative days (PODs) 1 to 3, it was found that VAS pain with activity scores 
was significantly associated with the QoR as assessed by the 9-item QoR instrument 
(r= -0.51; /7<0.001). In turn, the QoR was associated with patient satisfaction. A 
retrospective study of 5672 adult patients from 1993 to 1998 (Myles et al. 2000a) 
showed that patient's satisfaction with anaesthesia was significantly associated with 
the QoR, as assessed by the 9-item QoR (p< 0.001). 
2.4 A New Concept of Service Expected for Better Surgical Pain 
Relief 
In the 1970s and early 1980s, several editorials advocated the introduction of an 
analgesia team to supervise and manage postoperative pain relief, and to undertake 
the responsibility for staff education in postoperative pain management (Anonymous 
1976; Boulton 1978; Spence 1980). 
In the 1980s, because of the advancement of knowledge and technology, such as 
intravenous (IV) infusions, patient-controlled analgesia (PCA)，spinal/epidural 
opioids, transdermal opioids and sub-lingual analgesics, and the development of new 
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opioids, such as mixed agonist-antagonist and partial agonist drugs (McDonnell, 
Nicholl, & Read 2005), more effective postoperative pain management strategies 
became available. 
With the concept of employing a team approach to manage postoperative pain, 
and the advancements in technology and opioids, a specialized in-hospital 
postoperative pain service first emerged in America in 1985 (Petrakis 1989; Ready et 
al. 1988). This new service was named as the APS which then gained a rapid and 
widespread introduction around the world, including Canada (Zimmermann & 
Stewart 1993), Australia (Goucke & Owen 1995), New Zealand (Goucke & Owen 
1995; Merry, Judge，& Ready 1997), the United Kingdom (Windsor, Glynn, & 
Mason 1996; Harmer & Davies 1998; O'Higgins & Tuckey 2000) and some other 
European countries (Merry, Judge, & Ready 1997; Rawal, Allvin, & The EuroPain 
Acute Pain Working Party 1998; Stamer et al. 2002). 
2.4.1 Recognition of the New Concept of Service - APS 
The concept of APSs received immediate and sustained support from various 
medical and health-care organizations (Ashbum et al. 2004; Acute Pain Management 
Guideline Panel of the US Agency for Health Care Policy and Research 1992; 
National Health & Medical Research Council of Australia 1993; Royal College of 
Surgeons and College of Anaesthetists 1990). 
In 1990, the RCSCA published a report on pain after surgery (Royal College of 
Surgeons and College of Anaesthetists 1990). This report further highlighted the 
failure of conventional post-operative pain treatment, which only had limited 
advances from 1952 to 1990 (Royal College of Surgeons and College of 
Anaesthetists 1990). The RCSCA explicitly stated in the report that 'this service 
(APS) should be introduced in all major hospitals performing surgery in the UK'. 
The Agency for Health Care Policy and Research of America and the National Health 
and Medical Research Council of Australia also supported this recommendation and 
stated that all major acute care centers should have an APS (Acute Pain Management 
Guideline Panel of the US Agency for Health Care Policy and Research 1992) 
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(National Health & Medical Research Council of Australia 1993). Within a decade, 
the exposure to the management of acute pain has become a prerequisite for 
anesthesiologists-in-training for the fellowships in the Royal College of Anaesthetists 
and the Australian and New Zealand College (Smith, Power, & Cousins 1999). 
2.4.2 Role of an APS 
There are diverse opinions on the structure and role of APS for managing acute 
pain in surgical patients in the early postoperative period. The development and the 
implementation of the first formal APS were to improve postoperative analgesia, to 
train anaesthesiology residents in methods of postoperative pain management, to 
apply and advance new analgesic modalities and to carry out clinical research in the 
area of postoperative pain management (Ready et al. 1988). The service team 
provided a 24-hour service mainly for assessing the quality of analgesia and side 
effects, adjusting the opioid dose for effective pain relief, inspecting the epidural 
catheter site and documenting patient care. The additional duties of this early APS 
included consultations for the postoperative pain management, informal education of 
medical and nursing staff, and assisting operating room anaesthesiologists in 
planning analgesic care for their patients (Ready et al. 1988). 
Although APSs were widespread around the world, many individual hospitals 
have defined their APSs slightly differently depending on the resources available to 
them (Mackrodt 2001). In 1990, the RCSCA described an appropriate organization 
and structure of APSs for all major hospitals performing surgery in the United 
Kingdom (Royal College of Surgeons and College of Anaesthetists 1990). A 
recommendation was that the service should be coordinated by a named clinician 
leading a multidisciplinary acute pain team, including anaesthetic, nursing, 
psychological and pharmaceutical expertise and to assume day-to-day responsibility 
for postoperative pain management. Another recommendation was that the APS 
should undergo appraisal and audit of its activities at regular intervals to ensure 
properly trained staff, adequate resources and appropriate facilities are available. The 
service should also systematically record patients' pain and provide in-service 
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training to change staff attitudes and practices (Royal College of Surgeons and 
College of Anaesthetists 1990). 
A review by Werner et al. (2002) synthesized data from published literature. It 
concluded that a formal APS is an organization devoted to the management of acute 
pain of the surgical patients or other patients. The service should provide 
organizational framework for administering the postoperative and obstetric pain, 
managing the complications, monitoring the service safety, in-service training the 
medical and nursing staff, and undertaking the audits and clinical research in efficacy 
and outcomes of acute pain treatment. 
2.4.3 Organization of APS 
There is no consensus on the structure of an APS (Ready 1995; Windsor, Glynn, 
& Mason 1996). An editorial about APS in the United Kingdom highlighted that all 
17 acute hospitals in Wales had "some form" of APS but there was a wide diversity 
of acute pain team structure regarding nurse and consultant staffing (Harmer & 
Davies 1998). All but one acute hospital in Wales had at least one nurse (although 
the nursing grade varies) and the range of nursing numbers varied from one to five. 
In all 17 acute hospitals in Wales, there were a total of 9.5 half-day sessions per 
week allocated for acute pain. Ten of these 17 acute hospitals had no designated 
consultant sessions, yet all stated that they had a named clinician in overall charge of 
their APS. 
There are three main APS structures: the anesthesiologist-based, nurse-based 
and multidisciplinary APSs which are described in details below. 
2.4.3.1 The Anesthesiologist-based APS 
The organizations with this model provide "high-tech" pain management 
services and the pain management is usually very satisfactory (Rawal 1999). 
This type of APS was first described in the United States (Ready et al. 1988) 
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and then in Hong Kong (Hung et al. 2002). As the earliest record of 
anesthesiologist-based APS was set up in North American at the University School 
of Medicine in Seattle, it is recognized as the North American model (Stamer, 
Mpasios, Stuber, & Maier 2002). A national survey in 1994 found that 73% of the 
most major institutions in the United States had already been running an 
anesthesiologist-led APS (Ready 1995). Because of its large existence in the United 
States, this APS is also known as U.S.-style APS. 
However, the economic costs are very high (>US$200/patient) (Rawal & 
Berggren 1994). Only a small percentage of patients can receive the benefit of APS. 
Less than 30% of surgical population in the United States have access to APSs 
(Rawal & Berggren 1994) because only 10% to 15 % of surgical patients required 
epidural analgesia (Rawal 2002). Downsizing of many APSs is occurring in the 
United States and further reductions are predictable (Rawal 1999; Rawal 2002). In 
Hong Kong, about 20% of patients undergoing a major operation received an APS 
(Hung et al. 2002). To meet increasing demands, Hung and colleagues (2002) 
recommended that the structure of APS in Hong Kong should change from the 
anesthesiologist-based to anesthesiologist-led and nurse-based APS. 
2.4.3.2 The Nurse-based APS 
The organization of APS is designed to meet the needs of every patient who 
undergoes surgery, including day-care surgery. This service is supervised by 
anesthesiologists. Surgeons and ward nurses are the crucial participants in this 
organization (Rawal 1999). This is a low-cost model (US$2-3/patient excluding drug 
and equipment costs). 
This approach is based on the concept that pain relief can be greatly improved 
by provision of in-service training for surgical nursing staff, optimal use of systemic 
opioids and use of regional analgesia techniques and PCA in selected patients. 
Regular recording of each patient's pain intensity by VAS and treatment efficacy 
using a bedside vital-sign chart are the key features of this model (Rawal & Berggren 
1994; Rawal 1999). 
The first recorded nurse-based APS was set up in Orebro Medical Center 
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Hospital in Sweden and is also known as the Scandinavian-model APS (Stamer, 
Mpasios, Stuber, & Maier 2002). 
Although Rawal highly recommended the nurse-based APS structure because of 
its low cost (Rawal 1997; Rawal 1999; Rawal & Berggren 1994), she pointed out 
that the current system of acute pain management often does not integrate pain 
management with the overall perioperative care and postoperative rehabilitation of 
the patient (Rawal 1999). To optimize postoperative pain management, Rawal (1999) 
advocated the need for multidisciplinary APS teams involving anesthesiologists, 
surgeons, nurses and other staff. 
2.4.3.3 The Multidisciplinary APS 
The adoption of this model of organization was first recommended by the 
RCSCA (Royal College of Surgeons and College of Anaesthetists 1990). The 
RCSCA (1990) recommended the services should be run by a team including 
anaesthetic, nursing, psychological and pharmaceutical expertise. They suggested 
that the APS assume day-to-day responsibility for the management of postoperative 
pain and in-service training for medical and nursing staff, and perform research and 
audit. 
Following the recommendation of RCSCA in 1990，a variety of professional 
bodies expressed the need for the multidisciplinary approach of APS in several 
policy papers. They included the Association of Anaesthetists of Great Britain and 
Ireland (The Association of Anaesthetists of Great Britain and Ireland 1997; The 
Association of Anaesthetists of Great Britain and Ireland 1998)，and the Royal 
College of Anaesthetists and the Pain Society (The Royal College of Anaesthetists 
and The Pain Society 2003). The recommendation is also endorsed by guidelines 
developed in Australia (Australian and New Zealand College of Anaesthetists 2005) 
and in the United States (Acute Pain Management Guideline Panel of the US Agency 
for Health Care Policy and Research 1992). 
A national survey in the United Kingdom found that the number of hospitals 
with a multidisciplinary APS had significantly increased from 2.8% before 
September 1990 to 42.7% at the end of 1994 (Windsor, Glynn, & Mason 1996). 
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2.4.4 Postoperative Pain Management Service in Hong Kong 
2.4.4.1 Review of postoperative pain management service in Hong Kong 
In 1995, the Hospital Authority was aware of the need to examine the pain 
management in Hong Kong and set up a working party of anaesthesiologists which 
specialized in pain medicine. The team examined the need for developing pain 
management services in Hong Kong (Hung et al. 2002). 
2.4.4.2 Recommending APS in Hong Kong 
The working party gave the main recommendations included the following 
(Hung et al. 2002): 
a. the set up of APS in all major public hospitals, 
b. the appointment of a consultant anaesthesiologist as a service director to spend a 
significant proportion of his/ her time in the organization and provision of APS, 
c. the appointment of a pain nurse to assist the anaesthesiologist/director in 
coordinating the delivery of APS, 
d. the provision of adequate resources, such as PCA pumps, monitoring devices, 
and drugs for supporting APS, and 
e. the setting up of mechanisms for regular auditing and quality assurance of the 
service. 
2.4.4.3 The recognition of APS in Hong Kong 
In recognition of the expertise of anaesthesiologists in acute pain management, 
the Hospital Authority provided special funding to some Hong Kong hospitals to set 
up APS in 1996 (Hung et al. 2002). The APS defined by the Hospital Authority 
Working Group on Clinical Outcome Indicators was anaesthesiologist—based APS 
where anaesthesiologists were in charge of patients' postoperative pain management 
(Hung et al. 2002). 
In the early 1990s, there was increased awareness of the importance of effective 
post-operative pain management for decreasing mortality and morbidity, and for 
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humanitarian reason (Kwan 1996). Recognizing the benefits of APS in improving 
and coordinating the management of acute pain, the Hong Kong College of 
Anaesthesiologists promulgated guidelines on the safe practice of acute pain 
management in 1994 (The Hong Kong College of Anaesthesiologists 2002). These 
guidelines were reviewed in 2002 and included the following (The Hong Kong 
College of Anaesthesiologists 2002): 
a. the APS techniques to be performed by medical practitioners with proper 
training or by trainees under supervision, 
b. the patients to be follow up regularly by the medical practitioner or his/her 
deputy, 
c. the appointment of an appropriately trained medical practitioner for directing 
the APS in the hospital, 
d. the APS in-charge or his/her deputy to be available to the nursing staff at all 
times, 
e. the establishment of standardized protocols for monitoring patients, drug 
administration, treatment of complications and discontinuation of APS, 
f. the APS responsibilities for public, staff and student education, and 
g. the APS to undergo regular clinical audits. 
2.4.4.4 The development of APS in Hong Kong 
The existence of APS was first described by Kwan (Kwan 1996) and Tsui et al. 
(Tsui et al. 1997). Tsui et al. (1997) evaluated the effect of an APS on surgical 
outcomes after oesophagectomy. The data collection period described in the paper 
was from 1 January 1986 to 31 July 1995. This suggests that APS in Hong Kong 
existed as early as 1986 at Queen Mary Hospital, a University Hospital in Hong 
Kong a year after the first world APS was described by Ready et al. and Petrakis in 
the world (Petrakis 1989; Ready et al. 1988). Both APSs were Anesthesiologist-based 
pain management services using standard protocols for pain management. The APS 
in Ready et al.'s study (1988) used epidural analgesia or PCA while the first APS in 
Hong Kong used epidural only. The choice of analgesic technique at that time in 
Hong Kong depended on the preference and expertise of the duty anesthesiologist, 
and the feasibility of epidural catheter insertion. As the primary aim of Tsui et al.'s 
paper was for describing the experience of the APS, the staffing details of APS were 
not given (Tsui, Law, Fok, Lo, Ho, Yang, & Wong 1997). For assessing the level of 
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postoperative pain, Tsui et al.'s study described the use of patient's numerical rating 
scale (Tsui, Law, Fok, Lo, Ho, Yang, & Wong 1997). 
2.4.4.5 The compliance of APS teams in Hong Kong with the 
recommendations made by Hospital Authority 
Two surveys (Hung et al. 2002; Kwan 1996) give important information on the 
compliance of APS teams in Hong Kong. That helps to review the APS development 
in Hong Kong. 
a. Set up of APS in all major public hospitals 
In 1996, half of all Hong Kong public hospitals had formal APSs (Kwan 
1996). This is comparable with that in the United Kingdom but lower than that in 
the United States (44% and 73% respectively) (Ready 1995; Windsor, Glynn, & 
Mason 1996). In 2000, 86% of Hong Kong public hospitals had established APS. 
That is also comparable with the coverage in the United Kingdom in June 2000 
(84.1%) (McDonnell, Nicholl, & Read 2003b). The coverage and development of 
APS in Hong Kong has been encouraging. When comparing APS between 
countries, the following factors need to be taken into account: 
i. the variation of the type of APS from one hospital to another. There is no 
consensus on the structure of an APS. Most often, surveys do not define 
APS specifically, leaving it to readers to decide for themselves whether 
they have an APS or not; 
ii. the response rates were different. The response rate of the above survey 
done by Hung et al. ranged from 75% in 1997 to 90% in 1998 (Hung et al. 
2002) while that of the United Kingdom survey in 2000 was 86% 
(McDonnell, Nicholl, & Read 2003b); and 
iii. the difference in sampling criteria. In a Hong Kong survey, the inclusion 
criteria was 17 public hospitals with one or more full time senior 
anaesthetic staff that covered more than 95% of the anaesthetic workload 
of public hospitals (Kwan 1996). In contrast, Windsor and colleagues 
contacted all hospitals with operating departments in the United Kingdom 
(Windsor, Glynn, & Mason 1996). 
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b. The appointment of a consultant anaesthesiologist as a service director to 
spend a significant proportion of his/ her time in the organization and 
provision of APS 
Hung et al. (2002) arbitrarily categorized hospitals into two groups: those 
performing the high volume of major operations (>400 operations per month) 
and those performing a low volume of major operations (<400 operations per 
month). The report revealed that the mean staffing of high volume APS with 
specialist anaesthesiologist was 5.7 (SD=2.7) in 7 public hospitals while that of 
low volume APS with specialist anaesthesiologist was 0.7 (SD=1.2) in 11 
public hospitals. There was a significant difference in the mean specialist 
anaesthesiologist staffing APS between high and low volume hospitals (p<0.02). 
However, whether a consultant anaesthesiologist had been exclusively 
appointed for directing an APS and was spending a significant time in 
organizing and providing APS was not clearly documented in this report. 
c. The appointment of a pain nurse to assist the anaesthesiologist/ director 
in coordinating the delivery of APS 
In 1996，only one of 14 (7%) of responding hospitals with an anaesthetic 
service had 0.5 pain nurse for APS. A full time pain nurse was available in one 
of 9 (11%) hospitals from 1997 to 1999. However, the number of pain nurses 
was far lower than that recommended by the Hospital Authority Working Party 
Report and by international standards (40% in United Kingdom (Windsor, 
Glynn, & Mason 1996) and 60% in Canada (Zimmermann & Stewart 1993)). 
d. The provision of adequate resources in terms of PCA pumps, monitoring 
devices, and drugs 
In 1996, the mean number of PCA pumps (8.8) and syringe pumps (7) per 
500 patients was low. Factors associated with inadequate resources for APS 
include lack of manpower, lack of equipment and lack of consumables (Kwan 
1996). Not surprisingly, these factors are barriers to the widespread 
establishment of APS in Hong Kong. From 1997 to 1999, PCA was most 
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common treatment modality employed by APS. Intravenous patient-controlled 
analgesia (IVPCA) accounted for 57% of all APS treatment delivered. However, 
Hung et al. (2002) showed that only 20% of patients undergoing a major 
operation received IVPCA, or epidural analgesia in 2000. He argued that not all 
major operations resulted in moderate to severe pain requiring PC A or epidural 
analgesia (Hung et al. 2002). 
e. The setting up of mechanisms for regular auditing and quality assurance 
of the service. 
Of the hospitals providing APS in 1996 (Kwan 1996), 90% had protocols 
for acute post-operative pain management, 50% audited their APS year round, 
10% conducted 6-monthly audits, 10% conducted two monthly audits and 30% 
did not use any auditing process. 
All APS from 1997 to 1999 conducted quality assurance programs (Hung et 
al. 2002). The hospitals with high volume operations conducted more research 
activities (86%) than in hospitals with low volume operations (27%) (p<0.05) 
(Hung et al. 2002). 
2.4.5 Summary of Background of APS 
This chapter has highlighted the continuing problem of under-managing 
postoperative pain. The extent of inadequate pain control in Hong Kong patients is 
unknown. Although APS have been established in most hospitals to improve the 
quality of pain relief and associated clinical outcomes, many surveys define APS 
loosely, without specifying the need for dedicated personnel, high-dependency care 
or the availability of prefilled syringes (Hung et al. 2002; Windsor, Glynn, & Mason 
1996). Thus, there is wide variation in the structure, role and type of postoperative 
pain management offered by APS. This chapter has described the development of 
APS and the level of compliance with local guidelines for establishing APS in Hong 
Kong. The evidence for cost-effectiveness of APS from published literature is 
outlined in the following chapter. 
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Chapter 3 
Economic Evaluation of Acute Pain 
Service Programs: A Systematic Review 
3.1 Abstract 
Objective: The purpose was to systematically review the literature on the economic 
benefits associated with Acute Pain Service programs. Acute Pain Services have 
received widespread acceptance and formal support from institutions and 
organizations, but little is known about its economic benefits. 
Methods: MEDLINE and other databases were searched for economic evaluations of 
Acute Pain Services. The study characteristics and methodological quality were 
assessed using standardized tools. All costs were adjusted to 2005 US dollars. 
Results'. Ten economic evaluations (involving 14,774 patients) were identified which 
met eligibility criteria. There were wide variations in study designs, methodological 
quality and outcome measures. There was insufficient data to identify which Acute 
Pain Services model (anesthesiologist-based/nursing support or 
nurse-based/anesthesiologist supervised) was more cost-effective. The cost of Acute 
Pain Services for surgical patients from direct and indirect effects (improved pain 
management from education in patients not receiving APS) varied from $2.28 to 
$5.08/patient/day. The level of evidence to support the cost-savings associated with 
Acute Pain Services (shorter duration of intensive care unit and hospital stays) were 
limited to partial economic analyses. There was insufficient evidence to draw 
conclusions about the cost-effectiveness and cost-benefit of Acute Pain Services as 
the quality of life and patient's willingness to pay for an Acute Pain Service 
intervention were not measured respectively. The overall quality of published 
economic evaluations of Acute Pain Services was poor. 
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Conclusions'. There is a lack of high quality economic studies to support the 
cost-effectiveness and cost-benefits of Acute Pain Services. 
3.2 Introduction 
Inadequate postoperative pain control is an important outcome to avoid from the 
perspective of both patients and anesthesiologists (Macario et al. 1999a; Macario et 
al. 1999b; Rashiq & Bray 2003). An in-hospital postoperative pain service was first 
described in 1988 (Ready et al. 1988), established by anesthesiologists to take 
responsibility for the management of acute pain after surgery. Recent evidence from 
several systematic reviews of the Acute Pain Service (APS) suggests that 
implementation of such programs are associated with significant reductions in the 
incidence of high postoperative pain ratings, postoperative nausea and vomiting and 
urinary retention (McDonnell, Nicholl, & Read 2003a; The American Society of 
Anesthesiologists Task Force on Acute Pain Management 2004; Werner 2002). 
Despite the widespread acceptance and formal support from many institutions and 
organizations for the APS approach (McDonnell, Nicholl, & Read 2003b; The 
American Society of Anesthesiologists Task Force on Acute Pain Management 2004; 
VanDenKerkhof, Goldstein, & Wilson 2002), firm conclusions about the benefits, 
such as reductions in side effects of analgesic modalities, increase patient satisfaction 
and reductions in postoperative morbidity, associated with APS cannot be made 
because of the heterogeneity among APS studies (Werner 2002). 
The ideal APS should be multifaceted, supporting a range of options for the 
management of acute pain (O'Connor & Warwick 1998). Currently there is no 
consensus about the standards for staffing and facilities and what constitutes a good 
APS (O'Connor & Warwick 1998; Rawal 2002). Attempts at formal economic 
evaluations of APS have been advocated (Rawal 1997; Rawal 2002; Werner 2002) 
and several partial economic evaluations of APS have been published (Brodner et al. 
2000; Salomaki et al. 2000; Tighe et al. 1998; Tsui et al. 1997). Increasingly, 
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systematic reviews of economic analyses are being used by decision makers to 
inform policy and to allocate limited healthcare resources more effectively. By 
integrating information from multiple economic studies in systematic reviews, 
additional insight can be gained by examining how differences in individual models 
influence costs, outcomes, or cost-effectiveness (Pignone et al. 2005). Given the 
increasing importance of alternative APS delivery models (e.g. physician-based 
multidisciplinary team, nurse-based/anesthesiologist-supervised team) there is a need 
to review and evaluate the evidence supporting the cost-effectiveness of these 
delivery models. The objective of this systematic review was to summarize and 
critically appraise the published economic evaluations of APS models. 
3.3 Methods 
3.3.1 Study Selection Criteria 
For the purpose of this review, an APS is defined (Werner 2002) as a team of 
health professionals who: 
1. supervise, monitor and administer pain relief and manage complications 
2. provide in-service training for nursing and medical staff involved in the 
management of postoperative pain 
3. undertake audits and clinical research of the efficacy and outcomes of 
existing and new methods of pain treatment. 
We identified and reviewed all studies that met the following criteria: design, 
randomized controlled trial (RCT) and observational studies, including pre-post 
intervention designs and cost-effectiveness modeling studies; population, surgical 
patients requiring postoperative pain management; intervention, APS structure of any 
type; outcomes, pain ratings and costing information. Economic comparisons of 
different modes of pain treatment but without a description of an APS were excluded. 
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3.3.2 Search Strategy 
Relevant studies were identified from electronic databases (MEDLINE, 
EMBASE, Science Citation Index, The Cochrane Library, CINAHL, EconLit), and 
reference lists of relevant studies and reviews in major journals related to anesthesia 
and pain medicine. The date of the last search was May 18, 2007. Articles were 
restricted to those published in English. The following subject headings and text 
words, and their combinations, were included in electronic database search strategy: 
acute pain service, postoperative pain, pain clinics, economics, costs, 
cost-effectiveness, cost-utility and cost-benefit. No abstracts, correspondence or 
unpublished observations were included. 
3.3.3 Data Analysis 
A methodological checklist on epidemiological and economic aspects was used 
for each study by the two authors (AL, ASCL) independently under open conditions 
(Table 3.1). Economic evaluations were classified as full (cost-effectiveness analysis, 
cost-utility analysis, cost-benefit analysis, cost-minimization analysis) or partial (cost 
comparison/cost analysis, cost outcome description, cost description, outcome 
description, cost of illness study) (Drummond et al. 2005; Center on Health Services 
Research and Health Care Technology 2007). A full economic evaluation compares 
both the costs and consequences (effectiveness, benefits) of two or more 
interventions, and is the only type of economic analysis that provides valid 
information on efficiency (National Information Center on Health Services Research 
and Health Care Technology 2007). In comparison, partial evaluation studies 
consider costs and/or consequences, but which either do not involve a comparison 
between alternative interventions or do not relate costs to benefits (National 
Information Center on Health Services Research and Health Care Technology 2007). 
The different types of economic analyses are described in Table 3.2. This review has 
included both partial and fiill economic evaluations of APS in effort to summarize 
the quality of the best available economic evaluations. 
When the base year was not specified in the article, we estimated the year of 
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cost information as two to four years before the year of publication (Carande-Kulis et 
al. 2000). Costs in the local country currency units were converted to international 
dollars using purchasing power parity exchange rates, defined as the number of units 
of a country's currency required to buy the same quantities of goods and services as 
one unit of US dollars (Tan-TorresEdejer et al. 2003). The purchasing power parity 
exchange rates data was provided by the Organisation for Economic Co-operation 
and Development (Organisation for Economic Co-operation and Development 2006). 
The gross domestic product implicit price deflator, a measure of average annual rate 
of price change in the economy as a whole (Tan-TorresEdejer et al. 2003), was used 
to convert costs to base year 2005 for each study so that direct comparisons could be 
made (Williamson 2007). 
3.4 Results 
The initial searches yielded 27 abstracts from reports and reviews for screening. 
Sixteen studies were read and assessed by two authors (AL, ASCL). Papers written 
by Rawal (Rawal 1997; Rawal 2005; Williamson 2007) describing the structure of 
nurse-based/anesthesiologist supervised model of APS were excluded. Economic 
evaluations of patient controlled analgesia versus regular intramuscular analgesia but 
without a description of the APS were also excluded (Chang, Ip, & Cheung 2004; 
Choiniere et al. 1998; D'Haese et al. 1998). A cost description of the change in 
analgesic drugs used in the post-anesthetic recovery unit before and after the 
introduction of the APS was also excluded (Wortmann Gomes, Emani Evangelisa, & 
Femandes Mendes 2003). 
Ten reports from nine studies, involving 14,774 patients were included in this 
systematic review (Table 3.3). Economic evaluations were published between 1995 
and 2004. Most of the studies were conducted in Europe (Breivik et al. 1995; 
Brodner et al. 2000; Salomaki et al. 2000; Schuster et al. 2004; Stadler et al. 2004; 
Tighe et al. 1998). Nurse-based/anesthesiologist-supervised APS were described in 
five reports (Breivik et al. 1995; Salomaki et al. 2000; Shapiro et al. 2003; Stadler et 
al. 2004; Tighe et al. 1998)，anesthesiologist-based/nursing support in four (Badner, 
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Komar, & Craen 1997; Breivik et al. 1995; Brodner et al. 2000; Schuster et al. 2004) 
and anesthesiologist-based service in one (Tsui et al. 1997). Follow-up of patients 
receiving the APS varied from three (Schuster et al. 2004; Shapiro et al. 2003; 
Stadler et al. 2004; Tighe et al 1998) to five days (Brodner et al. 2000). 
There were no randomized controlled trials of APS intervention, nor were there 
any economic modeling studies. Changes associated with the introduction of APS 
included improvements in pain relief (Salomaki et al. 2000; Stadler et al. 2004; Tighe 
et al. 1998) and reductions in postoperative complications (Stadler et al. 2004; Tsui et 
al. 1997). However, it was unclear if APS intervention was associated with a 
reduction in length of hospital stay and mortality (Stadler et al. 2004; Tsui et al. 
1997). 
The pre-post intervention design, from the perspective of the hospital provider 
was used in four studies (Salomaki et al. 2000; Stadler et al. 2004; Tighe et al. 1998; 
Tsui et al. 1997). All studies were partial economic evaluations, except one (Stadler 
et al. 2004) in which both a cost-effectiveness analysis and a cost-utility analysis 
were described (Table 3.3). The source of cost data was often not described in many 
studies (Badner, Komar, & Craen 1997; Breivik et al. 1995; Brodner et al. 2000; 
Salomaki et al. 2000; Schuster et al. 2004; Shapiro et al. 2003; Tighe et al. 1998; Tsui 
et al. 1997). No out-of-pocket expenses of patients and their families (direct cost) or 
costs of productivity losses due to absence from work (indirect cost) were examined 
in any of the studies. 
Table 3.4 shows the adjusted costs of APS and cost savings in US dollars 
converted to base year 2005. No discounting or sensitivity analyses were undertaken 
in any of the studies identified in this systematic review even though data were 
collected over months to several years. All studies, except one (Tsui et al. 1997), 
measured the costs of the APS intervention itself. When the patient's willingness to 
pay for patient controlled analgesia was measured (Badner, Komar, & Craen 1997), 
those willing to pay were more likely to have had very good or excellent pain relief 
(94% versus 71%) and treatment of side effects (71% versus 48%) than those not 
willing to pay (Badner, Komar, & Craen 1997). Seventy-eight percent of those 
willing to pay, would pay at least half of the cost of the patient controlled analgesia 
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(approximately US$30/day at 2005 value) (Badner, Komar, & Craen 1997). The 
average program costs, based on detailed cost accounting studies, were estimated in 
four studies (Brodner et al. 2000; Schuster et al. 2004; Shapiro et al. 2003; Stadler et 
al. 2004). Cost-estimates of the APS intervention were used in other studies (Badner, 
Komar, & Craen 1997; Salomaki et al. 2000; Tighe et al. 1998; Tsui et al. 1997). 
The cost of anesthesiologist-based/nursing support APS ranged from $31.73 
(Breivik et al. 1995) to $100.37/patient/day (Schuster et al. 2004). The cost of 
nurse-base/anesthesiologist supervised APS ranged from $3.70 (Shapiro et al. 2003) 
to $50.77/patient/day (Breivik et al. 1995). The cost of an anesthesiologist-only 
based APS was not reported in Tsui et al.'s study (Tsui et al. 1997). The cost of APS 
intervention for surgical patients derived from both direct or indirect effects 
(improved conventional pain management from education provided by APS in 
patients not receiving APS intervention) varied from $2.54 to $5.08 (Breivik et al. 
1995) and $2.28 to $3.91 (Tighe et al. 1998). 
To estimate the cost-savings associated with a reduction in the length of 
intensive care unit stay from implementing an APS, the cost of intensive care 
admissions in a subgroup of patients who received a combination patient controlled 
epidural analgesia, early tracheal intubation and forced mobilization was compared 
to the same subgroup of patients admitted to an intensive care unit who would have 
had traditional perioperative pain management (Brodner et al. 2000). Cost savings 
related to the APS intervention arising from shorter intensive care unit stays was 
$9.90/patient/day (Brodner et al. 2000). The estimated cost savings from shorter 
duration of hospital stay was $ 11.40/patient/day respectively (Tsui et al. 1997). In 
another study (Tighe et al. 1998)，cost savings from less nursing time by using more 
time-efficient analgesic administration modalities was slightly more than the running 
cost of nurse-based/anesthesiologist supervised APS program after the first year of 
implementation, assuming that all surgical patients benefited directly or indirectly 
from an APS intervention. 
A full economic analysis was undertaken by Stadler et al (Stadler et al. 2004). 
Postoperative pain days averted was an estimation of improved quality of life as a 
result of sufficient pain relief (Stadler et al. 2004). The incremental cost-effectiveness 
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ratio for a nurse-based/anesthesiologist-supervised APS service was 
$426.78/postoperative pain days averted (Stadler et al. 2004). The incremental 
cost-effectiveness ratio for the first, second and third days were $466.37, $423.66 
and $404.55/postoperative pain days averted respectively. However, there was 
difficulty in the interpretation of the results and the authors questioned the value of a 
cost-utility analysis to measure the usefulness of an APS program (Stadler et al. 
2004). 
3.5 Discussion 
This is first systematic review of partial and full economic analysis of 10 APS 
programs. All cost figures provided in this review have been adjusted for inflation 
and exchange rates to 2005 US dollars to allow comparisons between studies to be 
made. The published economic evaluation showed wide variations in study designs, 
methodological quality and outcome measures, making data pooling inappropriate. 
Within this systematic review, we identified some evidence to support the 
cost-benefit of APS interventions. Cost savings from shorter duration of intensive 
care unit (Brodner et al. 2000) and hospital stays (Tsui et al. 1997), reductions in 
ward nursing time (Tighe et al. 1998), and patient's willingness to pay for patient 
controlled analgesia (Badner, Komar, & Craenl997) were identified. Assuming that 
the minimal cost savings were approximately $10/patient/day and that patients were 
willing to pay $10/day, an APS intervention would be justified if the cost was less 
than $20/patient/day. The current evidence (Breivik et al. 1995; Tighe et al. 1998) 
suggests that APS programs are probably worthwhile if one assumes that all surgical 
patients benefited directly and indirectly from an APS program. However, caution is 
needed for this interpretation as each primary study measured only one of many 
cost-saving outcomes and all data were from partial economic analysis studies. We 
found no primary studies with a full cost-benefit analysis of an APS from the 
literature. A fiill cost-benefit analysis could involve comparing the costs of an APS 
program versus pain management by ward staff, and costs associated with 
postoperative complications and duration of hospital stays for each intervention. 
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There were wide variations in the cost estimates between and within each type 
of APS intervention, mainly due to the anesthesiologist to nurse ratio used for 
staffing the program. As there was no published cost-effectiveness analysis 
comparing anesthesiologist- to nurse- based APS, it was difficult to determine which 
model was more cost-effective. The cost estimates for nursing-based/ 
anesthesiologist-supervised APS interventions have been underestimated as the cost 
of anesthesiologists' clinical and administration time (Shapiro et al. 2003; Stadler et 
al. 2004) and the cost of epidurals (Stadler et al. 2004) were not included in the total 
cost of several APS programs. Nevertheless, anesthesiologist-based/nursing support 
programs are expensive because staff costs contribute to over half of the total 
program costs (Badner, Komar, & Craen 1997; Schuster et al. 2004). The program 
cost for anesthesiologist-only based APS interventions cannot be determined from 
this systematic review as there was no published data. However, without conducting 
a formal economic analysis, Rawal (1997) estimated that the cost of US-style 
anesthesiologist-based APS programs was between $200 to $300/patient 
(Rawal 1997). Assuming that these patients had 3 days of treatment, the cost would 
be approximately $78 to $118/patient/day at 2005 values. This is within the upper 
range of the cost of anesthesiologist-based/nursing support APS programs ($31.73 to 
$ 100.37/patient/day) from partial economic studies identified in this systematic 
review. 
Overall, the evidence to support the cost-effectiveness of APS intervention is 
inconclusive. The interpretation of the incremental cost-effectiveness ratio from 
Stadler et al.'s study (Stadler et al. 2004) is difficult. The utility outcome was 
postoperative pain days averted, a measure of the time spent with lower pain scores, 
not quality of life per se. Other factors, such as nausea and vomiting, drowsiness, 
depression, pruritus, among others, interfere with postoperative recovery and 
well-being, and overall postoperative quality of life (Stadler et al. 2004). Using a 
validated and reliable generic health-related quality of life instrument (Short 
Form-12), the patient's quality of life (mental and physical domains) in the 
immediate postoperative period decreased as postoperative pain increased (Wu et al. 
2003). A criticism of using cost-utility methodology in anesthesia has been that such 
analysis can lead to less than optimal economic decisions for acute illness, and 
28 
therefore, the patient's willingness to pay technique has been recommended to value 
healthcare benefits into monetary terms (Macario & Fleisher 2006). 
The quality of economic evaluations included in this systematic review was 
poor, especially the cost measurements used in the studies. Future studies need to 
report sources of costs and charges, identify all cost-saving outcomes and perform 
discounting and sensitivity analyses in order to increase the validity and 
comparability of cost-effectiveness studies. Thus, greater dissemination of best 
practices in the design of economic evaluations is required within the field of acute 
pain management. The lack of high quality studies means that it is impossible to 
assess the extent to which APS is "value for money" against other healthcare 
interventions. However, recent attempts to standardize the conduct and reporting of 
economic analyses (Weinstein et al. 2003) may help improve the quality of economic 
analyses in acute pain medicine. We believe that randomized controlled trials of the 
APS for selected surgical populations should be undertaken to overcome the 
potential selection and secular biases associated with pre-post intervention designs. 
In addition, comparisons among different types of surgical procedures may identify 
which patient populations are associated with cost-effective APS programs. For 
example, is providing APS for patients undergoing laparoscopic versus open 
cholecystectomy more cost-effective? 
The main limitation of this systematic review was the possibility of publication 
bias as we limited our studies to those only published in English. However, we 
included publications conducted in a variety of international health settings identified 
from searches on multiple electronic databases. A recent systematic review of 
published cost-effectiveness studies (Bell et al. 2006) showed that "positive" 
(incremental cost-effectiveness ratio below $20,000/QALY) and "negative" 
(incremental cost-effectiveness ratio above $ 100,000/QALY) results tended to be 
published but not intermediate (incremental cost-effectiveness ratio between 
$50,000/QALY and $ 100,000/QALY) results. In our systematic review, we found 
only one fiill economic analysis (Stadler et al. 2004). The absence of other published 
APS interventions with full economic analysis may be due to either such publication 
bias or that no other cost-effectiveness studies have been conducted. 
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3.6 Conclusion 
Following an extensive review, we found no high quality economic analyses 
evaluating the APS intervention despite widespread adoption of these programs. 
There is some evidence from partial economic analyses to support cost-savings 
associated with APS interventions. There is presently no conclusive evidence about 
the cost-effectiveness or cost-benefits of APS interventions, and which staffing 
structure is more desirable. Deficiencies in the design and conduct of economic 
evaluations of APS interventions need to be improved upon before full cost-effective 
and cost-benefit assessments can be made. Material in this chapter was presented at a 
local conference (Appendix B). 
30 




Perspective of analysis 
Study design and characteristics 
Economic (Drummond et al. 2005) 
Economic evaluation design 
Cost identification (direct, direct nonmedical, indirect costs) 
Cost measurement (sources direct, direct non-medical, indirect cost) 
Cost valuation (direct valuation, indirect costs) 
Health consequences identification 
Health consequences measurement 
Health consequences valuation 










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Methodology of the RCT Study 
Because of the deficiencies in study design and conduct of economic evaluations 
found in the past papers for drawing conclusion on the cost-effectiveness of APS 
program, I carried out a study of cost-effectiveness analysis of an APS alongside 
with a RCT to further investigate the cost-effectiveness of APS program comparing 
with the conventional ward pain management service. I conducted the study 
alongside with RCT because RCT is the most rigorous method to assess the cost 
effectiveness of a treatment (Sibbald & Roland 1998). The conduct and results of this 
randomized controlled study are the main focus of this thesis. 
4.1 Setting 
The study was conducted at the Prince of Wales Hospital in Hong Kong, a large 
regional University-affiliated hospital. The hospital provides APS for postoperative 
pain relief to more than 1500 patients/year. Data from a brief audit of the APS 
activity in March 2005, showed that 172 of 408 (42%) of major elective surgical 
patients had received APS care, with a mean (SD) duration of care of 3 days 
(±1.32days). 
The service model is an anaesthesiologist-led and nurse-based one. The APS 
team consists of a consultant anaesthesiologist as service director to spend a 
significant proportion of his time in the organization and provision of APS, supported 
by a rostered medical officer and an acute pain nurse. The service is 24-hours. The 
APS team decides which patients are given the APS care according to requests from 
staff anaesthesiologists and the available resources (PCA pumps, drugs, accessories 
and manpower of APS). Information from the Acute Pain Team at PWH in 2008 
showed that IVPCA makes up 92% APS workload. Other APS interventions include 
epidural analgesia, spinal analgesia, various types of block (e.g. paravertebral block), 
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brachial plexus, wound infiltration and so on. 
4.2 Eligibility Criteria for Participants 
All patients undergoing major or ultra-major elective surgery who would benefit 
from either postoperative APS or CWPS were included in the study. The surgical 
procedures were classified as major or ultra-major surgery as defined by the Hong 
Kong Government Gazette (The Hong Kong Government 2003). Examples of the 
surgical procedures included laminectomy, laparoscopic assisted vaginal 
hysterectomy, coronary artery bypass graft, closure of ileostomy and so on. Patients 
were not admitted to the study if any of the following exclusion criteria were present: 
(1) aged younger than 18, (2) mentally incompetent for interview or did not 
understand the study protocol, (3) not able to communicate in speech, e.g. language 
barrier, or (4) not willing to consent. 
4.3 Obtaining Informed Consent 
According to the eligibility criteria for participants, patients were selected from 
the operation list posted on the day before the operation. I visited these patients 
before their operations to assess their eligibility for the study and discussed the study 
protocol with them. The risks and benefits of the study were explained to all patients. 
I assured the patients that whether they participated in the study or not, they would 
receive the same quality of care at the hospital and would not have different quality 
of service. I also mentioned that the study patients could withdraw from project 
without prejudice. Anaesthesiologists were given information about this study before 
and during the study. Data were kept confidential in secure offices of the Department 
of Anaesthesia and Intensive Care and were used only for research purpose. To 
maintain patient confidentiality, only grouped data was published. 
Written informed consents were obtained from eligible patients after full 
explanation of study. The study was approved by Joint The Chinese University of 
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Hong Kong - New Territories East Cluster Clinical Research Ethics Committee 
(CREC Reference number: 2005.213) and The Chinese University Survey and 
Behavioural Research Ethics Committee. 
4.4 Study Intervention 
All patients were enrolled into the study in either APS or CWPS group according 
to the randomization number during their operation. I conducted interviews with 
patients and collected the data at 24, 48 and 72 hours after the operation. If the 
patient's condition was poor at the time of the interview, another interview was done 
within the 24 hours. I conducted telephone interviews with patients in those who 
were discharged from hospital within 72 hours after their operation. 
4.4.1 Randomization 
My principal supervisor performed the randomization generation and allocation 
concealment. To minimize observation bias, the people involved in the 
randomization process and direct patient care were not involved in the data collection 
process. 
4.4.1.1 Randomization; Generation and Concealment 
A randomization list of treatment allocation was drawn up by using a 
computerized random-number generator. The treatment allocation was either APS or 
CWPS. Each allocation of postoperative pain treatment was individually concealed 
in an opaque sealed envelope, and numbered sequentially by my thesis supervisor. 
The envelope was not opened until the time of randomization. During the recruitment 
interview with the patient, the allocation of treatment was unknown to the 
investigators and the patient. 
4.4.1.2 Randomization: Implementation 
During the operation, the duty anesthesiologist made a decision about 
postoperative pain management. If the duty anesthesiologist confirmed that either 
43 
APS or CWPS was applicable to the patient, the randomization was done. A sealed 
opaque envelope was opened by me to determine the treatment assignment. 
4.4.1.3 Study Intervention: APS (Intervention group) and CWPS (Control) 
The patients in the control group received CWPS by physicians and nurses from 
the surgical ward using systematic and oral analgesics. Patients in the intervention 
group received APS care using IVPCA with or without supplementary oral analgesics 
when necessary. All patients received the usual care from the medical and nursing 
professionals assigned to the surgical ward. 
4.5 Data Collection and Outcome Measures 
I used a standardized data collection form to collect all the data in this study 
(Appendix A). Neither patients nor I were blinded in the study. It was because I was 
involved in the randomization and could not be blinded to collect data outcomes. 
Those patients enrolled into intervention group would obviously receive IVPCA and 
had APS care. 
4.5.1 Primary Outcomes 
4.5.1.1 Data Obtained at 72 hours After Surgery 
The data were cost data related to postoperative pain management (cost of pain 
management and hospitalization) and patient satisfaction score with postoperative 
pain management. 
• Costs related to the postoperative pain management. To perform the analysis 
from the hospital's perspective, all costs related to postoperative pain 
management were identified at 72 hours after surgery: 
a. Cost of medications. The data included type, dose and frequency of analgesic 
drugs, and drugs used to treat opioid-related side effects during the first 3 days 
after surgery which was recorded in the patient's drug chart in the medical 
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record. The APS analgesic cost included the costs of opioid which depended 
on how many syringes of opioid had been prepared in the IVPCA pump set. 
For example two syringes of opioid prepared but only one syringe used, the 
cost of opioid was the cost of two syringes of opioid. The drug cost 
information was obtained from the hospital pharmacy. 
b. APS intervention costs. The data included costs for infusion pump, IV tubing 
sets, cartridges, catheters, batteries, syringes, needles, swabs and dressing. The 
cost of infusion pumps was calculated by the cost of the pump divided by the 
estimated life-time usage. The cost of reusable sterile dressing set was 
calculated by the cost of the set divided by life-time usage and one-time 
sterilization cost. 
c. Ward personnel cost. All patients in this study were cared for on the wards. A 
previous study (Chang et al. 2004) conducted at our hospital showed that there 
was no significant difference in total ward nursing time (communication, 
documentation, administration of drug and observations) for patients receiving 
patient controlled analgesia or intramuscular injection. Therefore it was 
assumed that the ward nursing cost for APS and CWPS groups were the same. 
d. APS personnel cost. From the patient's APS record, the total nursing and 
medical officer time spent for each patient was recorded. The nursing and 
medical officers' staff salary calculations for direct APS patient care were based 
on the mid-point of the relevant pay scale. This translated to HK$4.78 per 
minute. Data from a pilot study before this study was carried out found that it 
took 15 minutes to set up a PCA pump, and 8 minutes for each visit to the 
patient. So for a patient with two APT visits after operation, the APS personnel 
cost would be HK$148.18. 
e. Hospital cost. This included preoperative and postoperative ward costs plus 
ICU ward cost. This hospital cost was included because there were no studies 
on whether pain severity would increase the length of stay and therefore 
increase the hospital cost. So this cost was collected for analysis. 
• Patient satisfaction score with postoperative pain management (Jamison et al. 
1997). A validated and reliable questionnaire contained 13 items measuring pain, 
satisfaction of treatment care and perceived helpfulness of treatment. The five 
domains identified from factor analysis were (1) pain intensity, (2) general 
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satisfaction, (3) helpfulness of treatments, (4) a tendency towards dissatisfaction, 
and (5) amount of expected postoperative pain (Jamison et al. 1997). Patient 
satisfaction was measured at 72 hours after surgery. 
4.5.1.2 Data Obtained at 24, 48 and 72 hours After Surgery 
The data were QoR score, pain reduction score and opioid-related side effects 
score. 
• QoR score. This nine-item questionnaire (Myles, Weitkamp, Jones, Melick, & 
Hensen2000b) has high validity and reliability properties, and measures the 
patient's health status after anaesthesia and surgery. The score ranges from 0 to 
18. The mean QoR in patients with moderate to severe pain was 13.8士2.4 
(Myles, Weitkamp, Jones, Melick, & Hensen 2000b). 
• Visual analogue scale of pain at rest and during movement. The pain intensity 
rating consists of a 100 mm horizontal line with 'No pain" at the left and 'Worst 
pain possible' on the right. VAS ratings of 0-4mm can be considered ‘no pain', 
5-44mm 'mild pain', 45-74mm 'moderate pain' and 75-100mm 'severe pain' 
(Mendoza et al. 2004). 
• Modified Brief Pain Inventory (mBPI) questionnaire (Mendoza et al. 2004), 
which provides information about the characteristic of pain and its impact on 
individuals. This questionnaire is reliable and valid, measuring severity and 
interference of pain. The patients rated their pain "worst pain", "pain on 
average" and "pain right now" on three 0 (no pain) to 10 (pain as bad as you can 
imagine) numerical rating scales. Patients also were asked to rate separately 
how their pain interferes with "walking ability", "mood", "sleep", "relations 
with others" and "ability to concentrate" on scales bounded by 0 (did not 
interfere) to 10 (interfered completely). The mean scores for severity of pain 
and interference on daily activities by pain were estimated and used for data 
analysis. 
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# Pain reduction score. Patients were asked "How effective do you think the 
treatment for pain was?" using a five point rating scale for pain relief (O=none， 
l=slight, 2=moderate, 3=good and 4=complete). 
• Opioid-related side effects. Side-effects during the past 24 hours collected 
included: nausea, vomiting, difficulty in concentrating, drowsiness or difficulty 
staying awake, feeling confused, and feeling of general fatigue or weakness 
(Jensen et al. 2004). The frequency, severity and distress of symptoms were 
assessed using Likert scales. For each study symptom, a patient with a response 
of 'frequently' to 'almost constantly' for the frequency dimension, or 'moderate' 
to 'very severe' for the severity dimension, or 'quite a bit' to 'very much 
bothered' for the distress dimension were considered to be a clinically 
meaningful event (CME) for that symptom (Jensen et al. 2004). The total 
number of CMEs was summed each day (Jensen et al. 2004) and summed over 
the 3 days to obtain a total CME score. 
4.5.2 Secondary Outcomes 
• Demographic data (age, sex, American Society of Anesthesiologists physical 
status (ASA), type of operation, severity of illness in intensive care unit 
(APACHE II score), duration of anaesthesia and length of hospital stay) were 
collected from the patient's medical record. 
4.6 Sample Size 
Funding was obtained from the Research Grants Council of Hong Kong, under 
the Public Policy Research Funding Scheme (CUHK4004-PPR20051) for 3 years 
(April 2006 to April 2009). Using data from our pilot study, we calculated the sample 
size for the study. A two group Mest with a 0.050 two-sided significance level had 
80% power to detect the difference in QoR score between a Group 1 mean of 11.0 
(CWPS) and a Group 2 mean of 11.4 (APS care), a difference in means of -0.400, 
assuming that the common standard deviation (SD) is 1.6, when the sample sizes for 
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each groups was 253 (a total sample size of 506) using nQuery software version 6.01 
(Statistical Solutions, Cork, Ireland). 
The QoR measure was chosen over pain ratings as this outcome was more 
relevant as an intermediate outcome. Anticipating 3% loss to follow-up, 520 patients 
was required for the study. The study was designed to detect a small to moderate 
effect (effect size 0.25), which would be clinically important. 
Due to time constraints for the Master of Philosophy degree, my analysis is 
restricted to 260 patients. A sample size of 130 in each group will have 80% power 
to detect a difference in means of 0.558 (the difference between a Group 1 mean of 
11.558 and a Group 2 mean of 11.000) assuming that the common SD is 1.600 using 
a two group /-test with a 0.050 two-sided significance level. Using this sample size, 
the study would detect a moderate effect (effect size 0.35). 
4.7 Data Analysis 
4.7.1 Comparability between APS and CWPS Groups 
To examine if APS and CWPS groups were compariable, the appropriate 
univariate tests were used to test the differences in demographic data between these 
two groups. The interval data (age, duration of anaesthesia and APACHE II score) 
were analyzed with the Student's t test. The categorical data (gender, education, work 
status, level of income and ASA) were analyzed with the Chi-Square tests. The 
non-parametric data (length of stay) were analyzed with Mann-Whitney U test. SPSS 
version 15 (SPSS Inc, Chicago, USA) was used for all data analyses. 
4.7.2 Comparing Costs and Effects of Interventions 
The cost to the Hospital Authority was estimated by summation of the costs of 
analgesia, medications to treat side-effects, APS staff costs and inpatient ward and 
intensive care unit bed costs. The unit inpatient ward and intensive care unit bed 
were HK$3,300 and HK$ 13,900 respectively derived from the Hong Kong 
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Government Gazette. Student's t tests were used for comparing costs between APS 
and CWPS groups. 
Patient satisfaction, QoR scores, pain-related measures (pain reduction, VAS, 
mBPI) and side-effects scores of pain treatment were compared between the groups 
using appropriate univariate tests (Chi-Square test tests if data was recategorized, and 
Repeated Measures Analysis of Variance (Repeated Measures ANOVA)). 
To analyze the cost and effect of the health service interventions, a 3 x 3 matrix 
was used (O'Brien B.J. et al. 1997). This matrix contains 9 cells categorizing studies 
depending on whether the new treatment (APS) is more costly than, less costly than, 
or equivalent cost to that of the control (CWPS), and whether it is more effective, 
less effective, or equally effective (Fig. 3.1). No formal cost-effectiveness ratios 
analysis is required if the results fall into cells 1 to 6. It is worthwhile to accept APS 
if the results occur in cells 1,3 or 6. In contrast, it is worthwhile to accept CWPS if 
the results occur in 2, 4 or 5. 
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Fig. 4. 1; Categorizing economic study results (O'Brien et al. 1997) 
Incremental Effectiveness of 
Treatment Compared with 
Control 
More Same Less 
Incremental n 
Cost of More 7 L 4 ” - W 
Treatment . _ • • 
Z s a - j ^ 二 M 3 
Less B P l 8 
• Strong dominance for • Weak dominance for • Nondominance; no obvious 
decision decision decisions 
1 = Accept treatment 3 = Accept treatment 7 = Is addded effect worth 
^ „ . . added cost to adopt 
2 = Reject treatment 4 = Reject treatment treatment? 
5 = Reject treatment 8 = Is reduced effect 
6 = Accept treatment acceptable given reduced 
cost to accept treatment? 
9 = Neutral on cost and 
effects - other reasons to 
accept treatment 
Nine possible outcomes arising in the comparison of treatment control in terms of incremental cost 
and incremental effectiveness. 
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Chapter 5 
Results and Analysis 
5.1 Flow of Participation 
5.1.1 Enrollment of Participation 
Three hundred and twenty four patients scheduled to undergo major or 
ultramajor operation, between April of 2006 and November of 2007, were eligible 
for the study. Data collection for the study was prospective during the twenty-month 
period. Fig. 5.1 illustrates the participant flow of the study. Of the 324 patients, 279 
patients were randomly assigned to receive either APS or CWPS according to the 
treatment allocation process described in the last chapter. Forty-five patients were 
excluded from the study with reasons outlined in Fig. 5.1. One hundred and thirty 
nine patients were randomly allocated into APS group while one hundred and forty 
patients were randomly allocated into CWPS (control) group. 
5.1.2 Allocation of Treatment 
APS sroup. Among the 139 patients enrolled into the group, 135 patients received 
APS and 4 patients did not because: (1) one patient had their operation cancelled due 
to the tight theatre schedule, (2) there was not enough manpower to perform study 
intervention in 2 patients, (3) one patient had the laparoscopic gastrointestinal 
operation converted to an open one leading to the attending anesthesiologist to 
prescribed APS care. 
CWPS sroup. Of the 140 patients enrolled into CWPS group, 133 patients received 
CWPS and 7 patients did not because: (1) one patient had the operation cancelled 
due to patient having a fever and (2) six patients had the laparoscopic operations 
converted into open surgery leading to the attending anesthesiologist to prescribe 
APS care. 
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Fig. 5.1 Flow diagram comparing the postoperative pain management between APS 
and CWPS 
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5.1.3 Follow-up 
APS sroup. In the follow-up period (up to postoperative day (POD) 3), one patient 
received no PCA because the attending anesthesiologist forgot to prescribe PCA. The 
other reasons for lost to follow up are shown in Fig. 5.1. 
CWPS sroup. In the follow-up period (up to POD 3), three patients had wound 
infection and were given APS care. The other reasons for lost to follow up are shown 
in Fig. 5.1. 
5.2 Results of Data Analysis 
Data from 130 APS patients and 130 CWPS patients were analyzed using 
statistical methods outlined in the last chapter. Although 4 patients crossed-over to 
the other intervention group (Fig. 5.1), intention-to-treat analysis was performed. No 
patients died during the study. Means, standard deviation (士SD) and 95% confidence 
interval (95% C.I.) are reported in the following section. 
5.2.1 Patient Demographics 
The APS (intervention group) and CWPS (control) groups had no significant 
differences in age, sex, education level, work status, income, ASA, type of surgery, 
APACHE II score and length of stay (Table 5.1). However, the duration of 
anaesthesia in the APS group was significantly longer (/7=0.02). Overall, the patient 
groups were comparable. The median duration of APS care was 29.5 hours 
(interquartile range 17.6 to 43.9). 
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Table 5. 1 Demographic comparison between patients getting APS and CWPS 
APS fn=130) CWPS (n=13'o) 
Variable n (%) n (%) p-value 
Mean age (SD) in years 52 (12) 51 (12) 0 3 ^ 
Gender Female: Male 65 (50%): 65(50%) 68 (52%): 62 (48%) 0.71 卞 
Education No formal education 10(8%) 8(6%) 0.54卞 
Primary 44 (34%) 34 (26%) 
Secondary 64 (49%) 70 (54%) 
College 1 (1%) 3 (2%) 
University 11(8%) 14(11%) 
Work status Student 4(3%) 3(2%) 0.73卞 
Retired 34 (26%) 31 (24%) 
Employed 35 (27%) 47 (36%) 
Self-employed 7 (5%) 6 (5%) 
Unemployed 15(12%) 16(12%) 
Housewife 29 (22%) 23 (18%) 
Income HKD 0 - 5,000 43 (33%) 33 (25%) 0.24卞 
HKD 5,001 - 10,000 28 (22%) 31 (24%) 
HKD 10,001- 15,000 15(12%) 27 (21%) 
HKD 15,001— 20,000 11 (8%) 6 (5%) 
HKD 20,001 — 25,000 2 (2%) 4 (3%) 
HKD 25,001 - 30,000 2 (2%) 6 (5%) 
> HKD 30,000 2 (2%) 3 (2%) 
Unstable income 10(8%) 9(7%) 
Social security 14(11%) 9 (7%) 
ASA 1 42 (33%) 53 (41%) 0.27卞 
II 48 (37%) 48 (37%) 
III 35 (27%) 23 (18%) 
IV 3 (2%) 4 (3%) 
T y p e of Gene ra l 1 9 ( 1 5 % ) 2 5 ( 1 9 % ) 0.48卞 
Surgery Orthopaedic 23(18%) 29 (22%) 
Gynaecology 27 (21 %) 27 (21 %) 
Cardiothoracic 50 (38%) 37 (28%) 
Other 11(8%) 12 (9%) 
Mean anaesthesia duration (SD) in hours 3.74(1.62) 3.30(1.44) 0.02* 
Mean APACHE score (SD) 12.79 (4.88) 10.78 (3.08) 0.44* 
Median length of stay (IQR) in days 9(7-12) 8(6-11) 0.06J 
* /7-value based on Student's t test 
t /7-value based on Chi-Square test 
J p-value based on Mann-Whitney U test 
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5.2.2 Costs of Interventions 
Table 5.2 compares the costs (in Hong Kong dollars per patient) of 
postoperative pain management between patients in APS and CWPS groups. There 
was no difference in the overall cost between groups (p=022) because the total 
hospital cost (summation of preoperative ward, postoperative ward and intensive care 
unit costs) was similar between groups (p=0.24), hospital cost was the major 
component of the overall cost. As expected, the total pain cost was significantly 
higher in the APS than CWPS (pO.OOl) because of higher pain medication, APS 
consumables and APS staff costs. 
5.2.3 Patient Satisfaction 
The comparison of ratings of the five domains from the Postoperative Pain 
Management Satisfaction Questionnaire between APS and CWPS patients on POD 3 
are shown in Tables 5.3，5.4, 5.5, 5.6 and 5.7. Overall, there were no statistically 
significant differences in four domains: 'Pain Intensity，，'General Satisfaction', 'A 
Tendency Towards Dissatisfaction' and 'Amount of Expected Postoperative Pain' 
(Tables 5.3, Table 5.4, Table 5.6 and Table 5.7 respectively) of the questionnaire. 
However, the ratings for the question about the usefulness of medications and other 
treatments under the domain of 'Helpfulness of Treatment', was significantly higher 
in APS than CWPS patients (p=0.01) (Table 5.5). In contrast, there was no significant 
difference between groups for the item about the usefulness of preoperative 
information under the domain of 'Helpfulness of Treatment' (p=0.33) (Table 5.5). 
There was a tendency for more patients in APS than CWPS to agree with the 
statement 'health professionals were concerned about how much pain I might be 
experiencing' under the domain of'General Satisfaction' (/?=0.05) (Table 5.4). 
The results on patient satisfaction were presented as a free paper at The 
Combined Scientific Meeting of the Hong Kong College of Anaesthesiologists and 






























































































































































































































































































































































































































































Table 5. 3 Comparison of the ratings of the first factor (Pain Intensity) from the Postoperative 
Pain Management Satisfaction Questionnaire between APS and CWPS groups on POD 3 
m Pain Intensity J H noAPS 
Variable n (%) n (%) /?-vaIue* 
(Question referred to) 
Pain now n二 n=J26f ^ 
(Ql. How much pain are you having right now?) 
No to mild pain 88 (73%) 93 (74%) 
Moderate to unbearable pain 33 (27%) 33 (26%) 
Pain in past 24 hours n=118t n=125-\ ^ 
(Q2. How much pain have you had in the past 24 hours?) 
No to mild pain 46 (39%) 59 (47%) 
Moderate to unbearable pain 72 (61%) 66 (53%) 
Worst pain since surgery n=119t « = / 2 7 t 0.05 
(Q3. What is the worst pain that you have in the past 24 
hours?) 
No to mild pain 4 (3%) 12 (9%) 
Moderate to unbearable pain 115 (97%) 115(91 %) 
More than expected postoperative pain n=115'\ n=119\ 0.52 
(Q9. The postoperative pain that I experienced was more 
than I expected.) 
Agree to strongly agree 37 (32%) 43 (36%) 
Neutral to strongly disagree 78 (68%) 76 (64%) 
* p-value based on Chi-Square test 
t Not 130 patients per group because of missing data 
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Table 5.4 Comparison of ratings of the second factor (General Satisfaction) from the 
Postoperative Pain Management Satisfaction Questionnaire between APS and CWPS patients 
on POD 3 
(2) General Satisfaction S I noAPS 
Variable (Question referred to) n (%) n(%) p-value* 
Satisfied with treatment by nurses and physicians n=123i /7=/25t 
(Q6. I am satisfied with the way the nurses and 
physicians treated my pain.) 
Agree to strongly agree 113 (92%) 106 (85%) 0.08 
Neutral to strongly disagree 10(8%) 19(15%) 
Dissatisfied with care n=122-^ n=126-\ 
(Q7. I am dissatisfied with the care I received 
during my hospitalization.) 
Agree to strongly agree 9 (7%) 16(13%) 0.16 
Neutral to strongly disagree 113 (93%) 110 (87%) 
Physicians and nurses concerned n=120'\ n=124'\ 
(QIO. The physicians and nurses were concerned 
with how much pain I might be experiencing.) 
Agree to strongly agree 109(91%) 102 (82%) 0.05 
Neutral to strongly disagree 11 (9%) 22 (18%) 
* p-value based on Chi-Square test 
t Not 130 patients per group because of missing data 
58 
Table 5.5 Comparison of ratings of third factor (Helpfulness of Treatment) from the 
Postoperative Pain Management Satisfaction Questionnaire between APS and CWPS patients 
on POD 3 
(3) Helpfulness ofTreatii^t APS noAPS 
Variable (Question referred to) n (%) n (%) p-value* 
Preoperative information useful n=117t n=123-\ 
(Qll. The information that I received prior to 
surgery was useful in preparing me for my 
postoperative pain.) 
Agree to strongly agree 83(71%) 80 (65%) 0.33 
Neutral to strongly disagree 34 (29%) 43 (35%) 
Medications and other treatments useful n=122\ n=121'\ 
(Q12. How helpful were the medications and 
other treatment in relieving your pain?) 
Not at all to slightly 2 (2%) 13(11%) 0.01 
Moderately to extremely 120 (98%) 108 (89%) 
* p-value based on Chi-Square test 
t Not 130 patients per group because of missing data 
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Table 5.6 Comparison of the ratings of fourth factor (Tendency Toward Dissatisfaction) from the 
Postoperative Pain Management Satisfaction Questionnaire between APS and CWPS patients 
on POD 3 
(4) A Tendency Toward Dissatisfaction APS noAPS 
Variable (Question referred to) n (%) n (%) />-vaIue* 
Preoperative pain n=J20t n=J26f 
(Q4. What was your level of pain 
preoperatively?) 
No to mild pain 89 (74%) 87(69%) 0.37 
Moderate to unbearable pain 31 (26%) 39 (31 %) 
Satisfied with postoperative pain relief n=122'\ w=/23t 
(Q8.1 am satisfied with the postoperative pain 
relief 1 received while in the hospital) 
Agree to strongly agree 115 (94%) 109 (89%) 0.12 
Neutral to strongly disagree 7 (6%) 14(11%) 
Longest time to wait for medication n=32'^ n=51'\ 
(Q13. When you asked for pain medication, 
what was the longest time you had to wait for 
it?) 
O-lOmin 25 (78%) 37 (73%) 0.57 
10->45min 7 (22%) 14 (27%) 
* p-value based on Chi-Square test 
t Not 130 patients per group because of missing data 
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Table 5.7 Comparison of rating of the fifth factor (Amount of Expected Postoperative Pain) 
from the Postoperative Pain Management Satisfaction Questionnaire between APS and CWPS 
patients on POD 3 
(5) Amount of Expected Postoperative Pain APS noAPS 
Variable n (%) n (%) p-value* 
Postoperative pain expected n=川卞 n=IJ9f 
(Q5. Prior to your surgery, how much postoperative pain 
did you expect?) 
No to mild pain 9 (8%) 16(13%) 0.19 
Moderate to unbearable pain 102 (92%) 103 (87%) 
* p-value based on Chi-Square test 
t Not 130 patients per group because of missing data 
5.2.4 QoR 
Fig. 5.2 shows the QoR scores of APS and CWPS groups on POD 1, 2 and 3. 
Using Repeated Measures ANOVA, there was no significant difference in QoR 
ratings between the groups (尸1,245 =1.35; ；7=0.25). QoR improved over time in both 
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Fig. 5. 2 QoR scores over time between APS and CWPS patients 
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5.2.5 Average Pain Severity Ratings 
There were no significant differences between the APS and CWPS groups in the 
average pain severity ratings over the first three days after surgery (Fi’237 =0.57; 
/?=0.45) (Table 5.8) using the mBPI. However, there was a significant reduction in 
average pain severity ratings over time in both groups C^i.92’456.10 =85.58; /7<0.001). 
There was no group-time interaction CF1.92’ 456.10 =0.68; ；?=0.50). 
Table 5. 8 Comparison of ratings of average pain severity of mBPI on PODs 1, 2 and 3 between 
APS and CWPS patients 
A ^ CWPS Mean difference 
Variable Mean (SD) Mean (SD) (95% C.L) p-value* 
Average Pain Severity (n=115) t (n=124) t 0.45 
POD 1 4.55 (1.74) 4.52(1.95) 0.98 (-0.37 to 0.56) 
POD 2 3.71 (1.73) 3.58 (1.84) 1.51 (-0.31 to 0.61) 
POD 3 3.23 (1.75) 2.94(1.86) 0.32 (-0.14 to 0.79) 
* p-value based on Repeated Meaures AN OVA 
t Not 130 patients per group because of missing data 
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5.2.6 Pain at Rest Severity 
There were no significant differences between APS and CWPS group in rating of 
pain at rest severity (Fi, 231 =0.03; p=0.S7) (Table 5.9). However, as expected, there 
was a significant difference in the pain at rest severity ratings over the first three 
PODs (Fi.96,453.29 =15.99; /7<0.001). The rating of pain at rest severity decreased 
significantly from POD 1 to POD 2 (mean difference = 0.59; 95% C./=0.33 to 0.85; 
;?<0.001) but not from POD 2 to POD 3 (mean difference=0.08; 95% C / = -0.152 to 
0.310; p=0.50). There was no significant interaction between interventions and time 
for the pain at rest severity rating (Fi.96，453.29=1.82; p=0.16). 
Table 5. 9 Comparison of ratings of pain right now at rest on PODs 1, 2 and 3 between APS and 
CWPS patients 
^ CWPS “ 
Variable Mean (SD) Mean (SD) /7-value* 
Pain-at-rest Severity {n=lll) t (n=122) t ^ 
POD 1 2.50(1.97) 2.58 (2.05) 
POD 2 1.83 (1.67) 2.07(1.79) 
POD 3 1.99(1.86) 1.75 (1.80) 
* p-value based on Repeated Measures ANOVA 
t Not 130 patients per group because of missing data 
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5.2.7 Pain on Movement 
Comparison of the pain on movement severity ratings between APS and CWPS 
groups did not show any significant difference (Fi,228 =1.89; />=0.17) (Table 5.10). A 
significant difference was found in the first three PODs in the pain on movement 
ratings of the overall patients (Fi.96,447.89 =26.55; j9<0.001). The rating of pain on 
movement severity decreased significantly from POD 1 to POD 2 (mean 
difference=0.67; 95% C/.=0.38 to 0.96; p < 0.001), and from POD 2 to POD 3 
(mean difference=0.45; 95% C/=0.16 to 0.74; ;?=0.003). There was no significant 
group-time interactions (Fi.95,447.89= 1.22;；?=0.30). 
Table 5. 10 Comparison of ratings of pain on movement on PODs 1，2 and 3 between APS and 
CWPS patients 
^ CWPS 
Variable Mean (SD) Mean (SD) p-value* 
Pain-on-movement severity (n=109)卞 (n=121)卞 0.17 
P O D l 4.44 (2.37) 4.12(2.72) 
POD 2 3.69(2.32) 3.53 (2.44) 
POD 3 3.48 (2.48) 2.84 (2.33) 
* p-value based on Repeated Measures ANOVA 
t Not 130 patients per group because of missing data 
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5.2.8 Average Pain Interference with Daily Activities 
Overall, there was a significant reduction in the average pain interference ratings 
over time using the mBPI (Fi.79,425.56 =32.49; pO.OOl). Of note, there was a 
significant time-group interaction (尸1.79,425.56=4.57; ；7=0.01) (Fig. 5.3). There was a 
significant difference between the pain interference ratings of the APS and CWPS 
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5.2.9 Effectiveness of Pain Relief 
Overall, the APS was significantly associated with better pain-relief 
effectiveness than CWPS (Fi’i87=8.01; />=0.01). There was a significant interaction 
between intervention and time on the rating of pain relief effectiveness (Fi.95，365.06 
=4.63; /7=0.01). Fig. 5.4 shows the ratings of pain relief effectiveness over time 
between the two groups. The significant difference in pain-relief effectiveness 
between APS and CWPS happened on POD 1 (t= -3.73; pO.OOl) and POD 2 (t= 
-2.40; ；7<0.017) but not on POD 3 (t= -3.88;；7=0.70). 
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Fig. 5.4 Effectiveness of pain relief over time between APS and CWPS patients 
5.2.9.1 Side Effects of Pain Medications 
There was no significant difference in the total side effects score between 
groups (尸1’241 =0.01; p=0.96) (Table 5.11). There was a significant reduction in total 
side-effects score over time (F1.91,459.79 =73.87; p<0.001). The total side-effects score 
decreased significantly from POD 1 to 2 (mean difference=4.46; 95% C. 1=321 to 
5.66; p <0.001), and from POD 2 to 3 (mean difference=2.44; 95% C./. = 1.46 to 3.43; 
p <0.001). There was a trend for a group-time interaction (Fi.91’ 459.79 =2.9l;p=0.06). 
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Table S.llComparison of total side-effect score on PODs 1, 2 and 3 between APS and CWPS 
patients 
Variable APS CWPS Mean 95% C.L for ；；-value 
difference difference 
Mean (SD) Mean (SD) (APS-CWPS) 
Total Side (n=117) t (n=126) t 005 -1.68 to 1.78 o ! ^ ~ 
Effect Score 
POD 1 10.19(9.10) 11.67 (9.91) -1.48 -3.89 to 0.93 
POD 2 7.09 (9.10) 5.84 (8.49) 1.24 -0.98 to 3.47 
POD 3 4.21 (7.15) 3.83 (7.39) 0.37 -1.47 to 2.21 
* p-value based on Repeated Measures ANOVA 
t Not 130 patients per group because of missing data 
5.2.9.2 Summary of results 
The overall cost of APS care was similar to CWPS (see Section 5.2.2), equally 
effective in terms of QoR, pain severity, pain interference, side effects and in some 
areas of patient satisfaction. Compared to CWPS, more APS patients found their pain 
relief to be more effective and that pain medications were useful. 
To analyze the cost and effect of the health service interventions, a 3 x 3 matrix 
was used (O'Brien et al. 1997). The cost-effectiveness of APS compared with CWPS 
in terms of QoR, pain severity, pain interference, side effect and in some areas of 
patient satisfaction fell into the box 9 (Fig. 4.1). That implied that, without 
accounting for sampling uncertainty, there was no evidence that APS and CWPS 
differed, and thus there was no reason to formally assess cost-effectiveness by using 
incremental cost-effectiveness ratio analysis in these areas. The cost-effectiveness 
comparison between the two groups for pain interference on daily activities on PODl, 
pain-relief effectiveness and perceived usefulness of pain medications fell into box 3 
(Fig. 4.1). This implies that APS was more cost-effective than CWPS in pain relief 




Discussion and Conclusion 
This is the first study to examine whether APS is more cost-effective as an 
alternative to convention pain service (CWPS) in managing postoperative pain, using 
an economic analysis alongside a randomized controlled trial (RCT) design. The 
overall cost of APS care was no more expensive than CWPS. The APS was more 
effective in the areas of perceived pain-relief effectiveness. More APS patients 
thought that their pain medication and other treatment in relieving postoperative pain 
were helpful than CWPS patients. The two pain services were similar in their impact 
on the levels of pain severity, pain interference on daily activities on P0D2 and 
P0D3, side effects of pain medications and health-related QoR. Of note, compared to 
CWPS patients, there was less interference of pain on daily activities on the first day 
after surgery in patients receiving APS care. Taking all these results together, it 
suggests that there is some evidence to support APS as a worthwhile healthcare 
intervention. 
The previous systematic review in Chapter 3 showed that there was insufficient 
evidence to draw conclusions about the cost-effectiveness of Acute Pain Services 
(APSs) due to the deficiencies in the design and conduct of economic evaluation of 
APS programs. Of the 10 studies in the systematic review (Chapter 3), nine were 
partial economic evaluations which neither compared the cost effectiveness between 
interventions (APS or no APS care) nor provide valid information on their efficiency 
from an economic point of view. None of the previous studies in the systematic 
review used an economic analysis alongside a RCT design. Therefore, because of the 
differences in study design and type of economic analysis, direct comparison of costs 
and effects between previous studies from the systematic review and this study are 
problematic. 
State of the art postoperative pain management that fulfills standard quality 
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criteria, such as regular assessments and documentation of pain scores and 
side-effects, is time consuming, and is independent of the technique used to control 
pain (Schuster et al. 2004). Therefore, it is not surprising that staff costs made up 
more than 50% of total APS treatment cost in a previous study (Schuster et al. 2004). 
In this study, the APS staff made up 57% of the total pain cost of the APS program. 
This was higher than that found in Schuster et al.'s study (2004). Overall, this study 
showed that the total pain management cost was less than 1% of the all cost of 
treating a surgical patient. This is consistent with the result by Schuster et al. (2004) 
where patient-controlled epidural analgesia for postoperative pain management made 
up 5% of all cost of treating a surgical patient. 
It is important to measure pain relief effectiveness from the patient's perspective 
because pain relief per se is an essential outcome parameter that contributes to high 
ratings of patient satisfaction (Owen, McMillan, & Rogowski 1990). This study 
showed that there was a significant difference between APS and CWPS patients in 
the perception of the effectiveness of pain relief. Likewise, the rating for the question 
about the usefulness of medications and other treatments from the patient satisfaction 
questionnaire was significantly higher in APS than CWPS patients. This suggests 
that there is some relationship between pain relief effectiveness and patient 
satisfaction. A post-hoc analysis of this relationship showed that 13% of patient 
satisfaction can be explained by the pain relief effectiveness variable using a 
correlation analysis (p < 0.001). Compared to CWPS patients, another explanation 
for rating the usefulness of medications and other treatments highly in APS patients 
may be due to less interference with daily activities on the first day after surgery in 
APS patients. 
The main limitation of this study was the time constraint for my Master of 
Philosophy degree. This study («=260) was underpowered to detect significant 
differences between APS and CWPS patients for many cost-related and effectiveness 
variables. To detect a significant difference in overall cost between APS and CWPS 
groups using data from Table 5.2 and nQuery software version 6.01 (Statistical 
Solutions, Cork, Ireland), I would need 663 patients per group at 80% power at 5 % 
significance level. Despite this, the major strength of this study was the RCT used 
and the full economic analysis performed. An incremental cost-effectiveness ratio or 
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a cost-benefit analysis, using a larger sample size, would answer the question of 
whether an APS is more cost-effective than CWPS care in a more precise manner. 
Since the effectiveness of patient-controlled analgesia may rely much on whether a 
patient understands how to use PCA appropriately, a future study is needed to assess 
whether it is cost-effective or not to educate patients about using the PCA at a 
pre-anaesthetic clinic in addition to the current practice of patient education done 
immediately before surgery. 
The results are generalizable to other APS programs in major public hospitals in 
Hong Kong. The style of APS program in this study was anaesthesiologist-based 
with nursing support, and is typical of most APS programs currently operating in 
major public hospitals in Hong Kong. Therefore, the costing and outcome data 
should be similar. 
In conclusion, there was some evidence that APS is more cost-effective than 
CWPS care. My hypothesis outlined in Chapter 1 is correct but imprecise because of 
the limitations outlined above. It appears that APS is a worthwhile intervention to 
support from a hospital's perspective in patients for whom APS care is currently 
optional for postoperative pain management. Therefore, it is probably worthwhile to 
implement, expand and fund the APS as part of the HKSAR public health policy. 
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APPENDIX 
Appendix A: Data Collection Form 
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Patient No: 




Geuder: U male D female 
Admission date PATIENT LABEL 
Hospital discharge date 
Hospital discharge status D Alive D Dead 
Date of operatiou: 
Scheduled operation: 
H Orthopaedic • Upper G I D Gynaecology J Neurosurgery D Obstetrics 
] D e n t a l G ENT D Urology 0 Colorecta U Vascular 
�Caidiothoracic Uplastics/Head & Neck Li Others 
ASA physical status (graded by anaesthetist) 
• i On Dm • !¥ U V 
Anaesthesia start time Anaesthesia end time Total time: miu 
Postoperative paiu iiiauagemeut diiriug first 3 days 
] A P S care (total number of hours of APS ) 
] n o APS care at all 
• swapped treatment during study (reason ) 
H ICU postoperative care at any time in the first 3 days (length of stay hours) 
]e lect ive admission U emergency admission 
APACHE n score 
ICU discharge status • Alive • Dead 
Costings for first 3 days after surgery 
Drugs (specify drug name, number of times taken, cost) 
PC4 consumable cost: 
Medicntion for pain 
Di ng Route Unit dose/ time Unit price/ HKS Times taken Cost/ HKS 
Total Cost: 
Medication for treating side effects 
Drug Route Uiiit dose； t ime Unit price/ HKS Times taken Cost/ HKS 
Total Cost: 
APS rime 
Theatre/min Day 0/ min Day 1/ miu Day 2/ miu Day 3/ min Total/ m m 
Doctor 
Nurse 




Post-operative Day 丄 
Qualify of Recovery Score (QoR Score) 
We would like to know how well you feci you have recovered from your anaesthetic and operation. 
Please circle the most appropriate responses for each question. Over the last day (24 houis). have you: 
Not at all Some of Most of 
the time the time 
Had a feeling of general well-being 0 1 2 
HacUuppoil from others (especially doctors & nurses) 0 1 2 
Been able to understand instructions and advice. Not being 0 1 2 
confuscd 
Becti able to look after personal toilet and hygiene miaided 0 1 2 
Been able to pass mine ("watcnvoiks") and having no trouble with 0 1 2 
bowel function 
Been able to breathe easily 0 1 2 
Bceii fi ec of headache, backache or muscle pam 0 1 2 
Bccu fi-ec of iiausca. diy-rctchiug or vomitiug 0 1 2 
Bccu fi-cc of scvci'c pain w constant moderate pain 0 1 2 
For staff only: Total QoR score 
Pain assessmeut 
1. Please rate your pain by circling the one number that best describes your pain at its worst in the last 24 hours 
0 1 2 3 4 5 6 7 8 9 10 
No Pain Worst pain possible 
2. Please rate your pain by circling the one number that best describes your pain on the average 
0 1 2 3 4 5 6 7 8 9 10 
No Pain Worst pam possible 
3a. Please rate your pain by circling the ouc number that tells bow much pain you have right now 
0 1 2 3 4 5 6 7 8 9 10 
No Pain Worst pain possible 
3b. Please rate your pain by circling the one mmiber that tells how much pain you have right noiv at rest 
0 1 2 3 4 5 6 7 8 9 10 
No Pain Worst pain possible 
3c. Please rate your pain by circling the one number that tells how much paiu you have right now on inovemeiU 
0 1 2 3 4 5 6 7 8 9 10 
Xo Pain Worst pain possible 
2 
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P o s t - o p e r a t i v e D a y 1 
4. Circle the one number that describes bow, during the last 24 hours, pain lias interfered with your: 
a. Walking ability 0 1 2 3 4 5 6 7 8 9 10 
b. Mood 0 1 2 3 4 5 6 7 8 9 10 
c. Sleep 0 1 2 3 4 5 6 7 8 9 10 
d. Relationships 0 1 2 3 4 5 6 7 8 9 10 
with others 
c. Ability to 0 1 2 3 4 5 6 7 8 9 10 
concciitratc 
Does not Completely 
Interfere Interferes 
5. Paiu relief 
Circle the one mmibcr that describes how effective the treatment for paiii was in the last 24 hours? 
0 1 2 3 4 
None Slight Moderate Good Coiqplete 
Anesthetic drug-related side effects 
Iiistnictions: We have listed 5 symptoms below. Read each one carefally. If you have had the symptom 
diirius the last 24 hours, let us know how OFTEN you had it, how SEVERE it was usually and how much it 
DISTRESSED or BOTHERED you by circling the appropriate u i imba. If you DID NOT HAVE the 
symptom, make an “X"’ in the box marked ‘.DID NOT HAVE". 
Du i ing the last 24 O I f y c s . h o w O F E E N d i d If yes, how SEVERE If yes, how much did it 
hours 2 you have it? was it usually? DISTRESS or BOTHER you? 
Q 
Did you have any h = _ „ 
of the following 5 I i I . I , 1 S t I « i 
M I 11 11 I 11 n I I 
NWa 厂 厂 厂 厂 厂 厂 3 4 T " 厂 厂 
Vomiting 1 2 3 4 1 2 3 4 0 1 2 3 4 
Difficulty in 1 2 3 4 1 2 3 4 0 1 2 3 4 
conceutiating 
Drowsiness or 1 2 3 4 1 2 3 4 0 1 2 3 4 
difficulty in staying 
awake 
Feeling ofgfiieral 1 2 3 4 1 2 3 4 0 1 2 3 4 
fadguc or weakness 
For Staff only: Total CME score (no. of cells in grey) 
3 
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Quality of Recovery Score (QoR Score) 
Wc would like to know how well you feel you have recovered from your anaesthetic aud operation. 
Please circle the most appropriate rcspouscs for cach question. Over the last day {24 hom's), have you: 
Not at all Some of Most of 
the time the time 
Had a feeling of general well-being 0 1 2 
Had support from others (especially doctors & uurses) 0 1 2 
Been able to understand instmctions and advicc. Not being 0 1 2 
confuscd 
Bccti able to look after personal toilet and hygiene unaided 0 1 2 
Been able to pass mine (‘"watenvorksT) and having no trouble with 0 1 2 
bowel fuuctiou 
Been able to breathe e^isily 0 1 2 
Been free of headache, backache or muscle pain 0 1 2 
Been free ofnaiisca. cky-rctcliiug or vomiting 0 1 2 
Been free of severe pain or constant moderate pain 0 1 2 
For staff only: Total QoR score 
Pain assessment 
1. Please rate your paiu by circling the one number that best describes your pain at its n^orst in the last 24 hours 
0 1 2 3 4 5 6 7 8 9 10 
No Pain Worst pain possible 
2. Please rate your pain by circling the one number that best describes your pain on the average 
0 1 2 3 4 5 6 7 8 9 10 
No Pain Worst pain possible 
3a. Please rate your pain by circling the oue mimbcr that tells how much pain you have right tw^v 
0 1 2 3 4 5 6 7 S 9 10 
No Pain Worst pain possible 
3b. Please rate your pain by circling the one uimibcr that tells how much pain you have right nou' at rest 
0 1 2 3 4 5 6 7 S 9 10 
No Pain Worst pain possible 
3c. Pka&c rate your pain by circling the ouc number that tells how much pain you have right twn- on movemenr 
0 1 2 3 4 5 6 7 8 9 10 
Mo Pain Worst pain possible 
2 
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4. Circle tlie one number that describes how, during the last 24 hours, pain has interfered with your: 
a. Walking ability 0 1 2 3 4 5 6 7 8 9 10 
b .Mood 0 1 2 3 4 5 6 7 8 9 10 
c. Sleep 0 1 2 3 4 5 6 7 8 9 10 
d. Relationships 0 1 2 3 4 5 6 7 S 9 10 
with others 
e. Ability to 0 I 2 3 4 5 6 7 8 9 10 
concentrate 
Does not Completely 
Interfere Interferes 
5. Pahi relief 
Circk the one number that describes how effective the treatment for pain was in the last 24 hours? 
0 1 2 3 4 
None Slight Moderate Good Cou^lete 
Anesthetic drug-related side effects 
Instructions: We have listed 5 symptoms, below. Read each one carefiiUy. If you have liad the symptom 
during the last 24 hours, let us know how OFTEN you had it. how SEVERE it was usually aiid how much it 
DISTRESSED or BOTHERED you by circling the appropriate number. If you DID NOT HAVE the 
symptoia make an “X” in the box marked “DID NOT HAVE". 
During the last 24 C If yes, how OFTEN did If yes, how SEVERE If yes. how nuich did it 
hours 2 youl iavci t? was it usually? DISTRESS or BOTHER you? 
Did you have any : 
• 二 y = J 5 ^ 
of the followiug > ^ .2 g 
symptoms? 
~ 1 2 3 4 1 2 3 4 0 1 2 3 4 
Nausea 
Vomiting 1 2 3 4 1 2 3 4 0 1 2 3 4 
Difficulty-in 1 2 3 4 1 2 3 4 0 1 2 3 4 
concentrating 
Drowsiness or 1 2 3 4 1 2 3 4 0 1 2 3 4 
difficulty in staying 
awake 
Feeling of general 1 2 3 4 1 2 3 4 0 1 2 3 4 
fatigiif or weakness 
For Staff only: Total CME score (no. of cells in grey) 
5 
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Quality of Recovery Score (QoR Score) 
We would like to know how well you feel you have recovered from your anaesthetic and operation. 
Please circle the most appropriate responses for each question. Over the last day (24 hours)，have you: 
Not at all Some of Most of 
the time the time 
Had a feeling of gcna'al well-being 0 1 2 
Had support from others (especially doctors & nurses) 0 1 2 
Been able to understand instnictions and advice. Not beiug 0 1 2 
confiised 
Bccu able to look after peisonal toilet and hygiene iinaided 0 1 2 
Been able to pass miuc (‘"watenvorlw”) and having no trouble with 0 1 2 
bowel fiuiction 
Been able to breathe easily 0 1 2 
Been fi ec of lieadachc, backache or miiscle pain 0 1 2 
Been free of nausea, dry-rctching or vomiting 0 1 2 
Been fi ee of severe pain or constant moderate pain 0 1 2 
For staff only: Total QoR score 
Best imaginable health status 
I 的 To help people say h o w good or 
T bad a health state is, we have drawn 
~ r a scale (ratlier like a t l iemiometer) k) 
； , , on which the best state you can 
“ r Your own 
81 >0 , . , imagine af ter surgery and 
health state - ‘ 
^ anaesthesia is marked 100 and the 
^ i o a f t e r s u r g e r y 
, . worst state you can imagine af ter 
一 一 and auaestuesia 
gj Iq surgery aud anaesthesia is marked 
J I �� byO. 
io 
W e would like you to indicate oil 
44 )0 � 
� t h i s scale h o w good or bad your 
| 0 o w n health is today, in your 
_ r opinion. Please do this by drawina a 
2< kO ‘ 
� ； l ine from the box (right) to 
]i Io whichever point on the scale 
一 r indicates how good or bad your 
n bealtli state is af ter surgery and 
Wont imaginable htahh status anaesthesia. 
2 
7 7 
Post-opera rive Day 3 
Pain assessment 
1. Please rate your pain by circling the one uumbcr that best describes your pain at its uwsf in the last 24 hours 
0 1 2 3 4 5 6 7 8 9 10 
NoPam Worst paui possible 
2. Please rate your pain by cii-cliug tlie one muiibw that best dcsciibcs yom. pain on the average 
0 1 2 3 4 5 6 7 8 9 10 
NoPam Worst pain possible 
3a. Please rate your pain by circling the one number that tells how much pain you have right now 
0 1 2 3 4 5 6 7 8 9 10 
^^oPain Worst pain possible 
3b. Please rate your pain by circling the one number that tells how imich pain you have right now at rest 
0 1 2 3 4 5 6 7 8 9 10 
^JoPam Worst pam possible 
3c. Please rate your paiu by circling the one number that tells how much pain you have right //o»r on movement 
0 1 2 3 4 5 6 7 8 9 10 
NoPam Worst pain possible 
4. Circle the one number that describes how, during the last 24 hours, paiu has interfered with your: 
a. Walking ability 0 1 2 3 4 5 6 7 8 9 10 
b. Mood 0 1 2 3 4 5 6 7 8 9 10 
c. Sleep 0 1 2 3 4 5 6 7 8 9 10 
d. Relatiouships 0 1 2 3 4 5 6 7 8 9 10 
with odici-s 
e. Ability to 0 1 2 3 4 5 6 7 8 9 10 
concentrate 
Does not Completely 
Interfere Interferes 
5. Paiu relief 
Circle the one number that describes how effective die treatineut for pain was in the last 24 hours? 
0 1 2 3 4 
None Slight Moderate Good Coiuplete 
2 
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Anesthetic drug-related side effects 
Listnictioiis: Wc have listed 5 syii^toins below. Read each one carcHilly. If you have had the symptom 
during the last 24 hours, let us know how OFTEN you had i t how SEVERE it was usually and how nrnch it 
DISTRESSED or BOTHERED you by circling the appropriate number. If you DID NOT HAVE the 
symptom, make an “X•，in the box marked “DID NOT HAVE”. 
During the last 24 £ I fycs , how OFTEN did If yes. how SEVERE If yes. how much did it 
hours 2 you have it? was it usually? DISTRESS or BOTHER you? 
/-s I I ‘ I I 1 ‘ 1 1 J 
Did you have any 二： _ 
一 o t , u _ • • ： ; « ™ u 
o f t h c f o l l o w b o > ^ .2 1 . 2 O i = t I « i 
symptoms? -
Nausea 1 2 3 4 1 2 3 4 0 1 2 3 4 
Vomiting 1 2 3 4 1 2 3 4 0 1 2 3 4 
Difficultyin 1 2 3 4 1 2 3 4 0 1 2 3 4 
concentrating 
Drowsiness or 1 2 3 4 1 2 3 4 0 1 2 3 4 
difficulty in staying 
awakr 
Feeling of general 1 2 3 4 1 2 3 4 0 1 2 3 4 
fatigue or weakness 
For Staff only: Total CME score (no. of cells iii grey) 
Patieuf Satisfaction 
We would like to know how satisfied you are with the postoperative pain management. Please circle the most 
叩propriate responses for each question 
No Mild Moderate Severe Veiy Unbearable 
Paiu Severe 
How much pain are you having right uow? 0 1 2 3 4 5 
How much pain have you had iu the past 24 0 1 2 3 4 5 
hours? 
WTiat is the worst pain that you have had 0 1 2 3 4 5 
sincc yoiir siirgciy? 
What was your level of paiu prcoperativcly? 0 1 2 3 4 5 
Prior to your sm-gciy, how much 0 1 2 3 4 5 
postoperative pain did you cxpcct? 
8 
79 
Post-operative Day 3 
Strongly Agree Neutral Disagree Strongly 
Agree Disagree 
I am satisfied with the way die nurses and 1 2 3 4 5 
physicians treated my paiu 
I aiu dissatisfied with the caic I received 1 2 3 4 5 
during my hospitalization 
I am satisfied with the postoperative pain 1 2 3 4 5 
relief I received while in the hospital 
The postoperative pain that I experience was 1 2 3 4 5 
more thau I expected 
Tlie physicians and mu-ses wei-e concerned 1 2 3 4 5 
with how much pain I might be experiencing 
Tlic iiifomiation that I rcccivcd piior to 1 2 3 4 5 
surgery was uscfiil iu preparing mc for my 
postoperative pain 
Not at Barely Slightly Moderately Quite Extremely 
all a bit 
How helpful were the medications aud other 0 1 2 3 4 5 
trcatiucuts in relieving your pain 
Wlicu you asked for pain medication, what <5uiii\ 5-10 10-15 15-30 30-45 >45 min 
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Economic evaluation of Acute Pain Service program: a qualitative 
systematic review 
Ms Suk-Chu Lau 
Prince of Wales Hospital, Hong Kong 
Angel SC Lau, Anna Lee, Tony Gin, Simon Chan, Phoon Ping Chen 
Department of Anaesthesia and Intensive Care 
The Chinese University of Hong Kong, Hong Kong 
Objective 
To provide a comprehensive overview of the economic evaluations of the Acute Pain Service (APS) programs 
Methodology 
We targeted all studies that met the following criteria: design, randomized controlled trial and observational 
studies, including pre-post intervention designs and modeling studies; population, surgical patients requiring 
postoperative pain management; inteivention, APS structure of any type; outcomes, pain ratings and costing 
information. From electronic databases (MEDLINE, EM BASE, Science Citation Index, The Cochrane Library, 
CINAHL, EconLit), and reference lists of relevant major journals and studies, 27 abstracts were yielded. Ten 
reports published between 1994 and 2004 involving 14,774 patients fitted the search criteria. They were 
reviewed by two authors independently and openly with a methodological checklist on epidemiological 
and economic aspects of the studies. All costs were adjusted to 2005 US dollars. 
Results 
There were wide variations in study designs, methodological quality and outcome measures. The costs of 
anesthesiologist-based/nursing support model and nurse-based/anesthesiologist supervised model were 
231.73 to $100.37/patient/day and $3.70 to $50.77/patient/day respectively. Cost-savings associated 
with APS (shorter duration of intensive care unit and hospital stays) were limited to partial economic 
analyses. There was insufficient evidence to draw conclusions about the cost-effectiveness of Acute Pain 
Services as the quality adjusted life year gained was not measured. 
Conclusions 
The overall quality of published economic evaluations of APS was poor. There is little published evidence 
to support the cost-effectiveness of APS as an alternative to standard postoperative pain management. 
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( F r e e P a p e r s : 17 Nov 2007 (sat)) 
Patient Satisfaction with Post-operative Pain Management 
Suk-chu Lau 
Department of Anaesthesia & Intensive Care, Prince of Wales Hospital, Hong Kong 
Objective: To compare patient satisfaction ratings between patients receiving Acute Pain Service (APS) intervention versus standard 
postoperative pain management (control). 
Methods: Two hundred and twelve patients undergoing major elective surgery were randomized to either APS group (n = 105) or 
control (n = 107). On Day 3 after surgery, patients completed a reliable and validated patient satisfaction with postoperative pain 
management questionnaire'. 
Results: Compared to control patients, more APS patients were satisfied with the way health professionals treated their pain (83% 
versus 93% respectively, P = 0.03) and with the postoperative pain relief given (87% versus 95% respectively, P = 0.048). The 
proportion of patients who thought that health professionals were concerned about how much pain one might experience was 
higher in the APS group (90%) than control group (78%) (P = 0.03). There were similar patient satisfaction ratings for pain intensity 
measures (current pain, pain in the past 24 hours and worst pain since surgery on numeric rating scales) between groups. 
Conclusions: The Acute Pain Service is associated with high patient satisfaction. 
Reference 
1) Jamison RNetal. Clin J Pain 1997;13:229-36. 
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